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ABSTRACT
The present study deals with scour caused by three-dimensional wall jets issuing 
from a square cross-section nozzle onto a non-cohesive sand bed. Experiments were 
conducted using two different nozzles and three tailwater depths. Velocity measurements 
were conducted using a one component laser Doppler anemometer. The densimetric 
Froude number was maintained below ten, while the jet expansion ratio was held greater 
than ten. The results indicate that the densimetric Froude number, tailwater depth and 
grain size to nozzle size ratio, all have an influence on the extent o f scour caused by 
three-dimensional jets. However, each parameter has a dominant influence under 
different flow conditions. For example, at values of densimetric Froude numbers less 
than five, tailwater depth and grain size to nozzle width ratio have no effect on the 
maximum depth of scour. At higher values of densimetric Froude number, the effect of 
tailwater depth appears to be important for larger values of grain size to nozzle width 
ratio. Previous observations have indicated that the effect o f the tailwater depth was 
significant for densimetric Froude number greater than ten. However, the present results 
indicate that the cut off value could be lower depending on the value o f grain size to 
nozzle width ratio.
The present results show that the jet expansion ratio can have a significant 
influence, especially at very low tailwater depths, and the maximum depth o f scour is not 
necessarily deeper at higher tailwater depths. A set of scaling parameters based on nozzle 
hydraulic radius, grain size and densimetric Froude number provides for a better scaling 
o f the time variation o f the scour parameters. It was also observed in the present study
iii
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that the coarser particles are deposited towards the downstream end of the scour. In fact 
the coarsest particles are located on the downward slope of the ridge.
iv
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CHAPTER 1
INTRODUCTION
Scour is a natural phenomenon caused by the flow o f water in rivers and streams. 
It is most pronounced in alluvial materials, but extensively weathered rock can also be 
vulnerable in certain circumstances. Scouring occurs naturally as part of the morphologic 
changes o f rivers, and also as a result of man-made structures. Particularly local channel 
scour is a problem of considerable importance in hydraulic engineering practice. Scour is 
the removal by hydrodynamic forces o f granular bed material and occurs whenever 
hydrodynamic bottom shear stresses exceed a critical value. Consequently, scour will 
occur if the flow velocity exceeds a critical value that would initiate the movement of 
particles (Hughes, 2004). The volume eroded depends on the magnitude and duration of 
the excess velocity. Scouring can progressively undermine the foundation o f a structure. 
Complete protection against scouring is usually expensive and engineers seek ways to 
guide and control the process so as to minimize the risk o f failure. Guidance comes from 
controlled studies in laboratories and from field experiences. In particular, the failure of 
structures has led to improved design criteria.
In this chapter, some features o f scour with specific reference to its complexity 
and practical importance are introduced. Scour due to submerged wall jets can be found 
downstream of vertical gates and other outlet structures. Water jets emerging from 
culverts and storm drainage pipes can cause scour. Structures such as bridge piers or spur 
dikes cause obstruction and disruption to uniform flow patterns and are conductive to the 
evolution and development of localized scour (Ali and Lim, 1986). Obstruction-related
1
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scour can also be found downstream of outlet and intake works o f hydraulic structures, 
local channel works or natural channel irregularities. The safety o f these structures 
depends partly on the prediction and control o f the localized scour around them. 
Kouchakzadeh and Townsend (1997) point out that a very large percentage o f bridge 
failures can be attributed to pier and abutment scour. It was indicated in the 
Transportation Research Board’s annual report (1997) that scour causes more bridge 
failures than all other factors combined and that better methods of scour prediction are 
needed. The provision of means for spilling excess water by hydraulic structures like 
submerged sluice gates and stilling basins has long been recognized as a problem by 
engineers. The difficulty does not so much lie in conveying the water to the downstream 
river bed. Rather, it lies in being able to do this in such a way that catastrophic scour does 
not occur downstream of the structure.
1.1 General Remarks
1.1.1 Scour categories
In general, scour can be categorized as follows:
1. General scour occurs in a river or stream due to natural processes irrespective of 
whether a structure is present (Breusers and Raudkivi, 1991). The general scour features 
are greatly influenced by the cross-sectional shape o f the river valley. If flood flows are 
confined, so as to lead to large changes in water surface elevation, the scouring power of 
the stream is increased (Raudkivi, 1998).
2. Constriction scour arising from narrowing o f waterways or the re-channeling of 
berm or flood plain flow.
2
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3. Local scour is caused by the effect of a structure on the local flow pattern and 
occurs in the immediate vicinity of the structure. The type of structure has a great effect 
on the extent of local scour and may be superimposed on constriction and/or general 
scorn.
4. Clear-water scour refers to the situation where no sediment is supplied from 
upstream into the scour zone. The bed shear stresses in areas beyond the direct influence 
o f the structure are at or below the critical or threshold shear stress for initiation of bed 
material movement. Wash load, however, could be present.
5. Live-bed scour occurs where there is general bed load transport by the stream. In 
this case, the sediment is continuously being supplied to the areas subjected to scour i.e., 
there is a sediment input into the scour zone from the upstream. Equilibrium scour depths 
are reached when the amount o f material removed from the scour hole by the flow equals 
the amount of material deposited in the scour hole from upstream.
1.1.2 Jet classification
A jet is a stream of fluid which travels for distances in a nearly constant direction 
(Birkhoff and Zarantonello, 1957). Flow through hydraulic structures often issue in the 
form of jets and velocities are usually high enough to produce sizable, even dangerous 
scour holes. The term “je t” is used to describe the flow o f fluid having a higher velocity 
emitted into surrounding fluid o f lower or no velocity (Rajaratnam, 1976). Depending 
upon the densities o f the ambient fluid and the jet, the jet can be classified into two types:
i) Non-buoyant jet: Jet and receiving water have the same density.
ii) Buoyant jet: The density of the jet is less than that of the receiving water.
3
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With respect to the geometric configuration, jets are generally classified to be o f four 
types:
i) Free jet: A jet that is not influenced by any solid or fluid boundaries.
ii) Wall jet: Location o f jet relative to undisturbed bed level is set so that flow
occurs along the boundary.
iii) Horizontal offset jet: The jet flows parallel to the bed but is set at a small
distance above the bed.
iv) Impinging jet: The jet impinges at an angle onto the bed or boundary.
In addition, a distinction can be made between plane two-dimensional, three-dimensional 
and circular jets; between submerged and unsubmerged jets; and between laminar and 
turbulent jets. The jets o f interest in Civil Engineering practice are fully turbulent.
1.1.3 Turbulence
Fluid flow turbulence is a phenomenon encountered in many scientific and 
technological disciplines: in industrial and environmental flows, combustion, 
aerodynamics, meteorology, hydrodynamics and oceanography. It presents some of the 
most difficult problems both in the fundamental understanding o f its physics and in 
applications, some o f which are still unresolved in spite o f extensive research for well 
over a century. Indeed, turbulence has been characterized as the last, great, unsolved 
problem of classical physics by several physicists including the late Nobel prize winner 
Richard Feynman (Zhou and Speziale, 1998).
4
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1.2 Summary
As in other aspects o f sediment transport, there is no entirely satisfactory 
theoretical solution which describes scour completely. The complexity o f the non-steady 
flow patterns and the mechanisms by which the flow entrains an erodible sediment from 
the bed is presently not analytically solvable. The predictability o f scour becomes more 
difficult because most of the flow related to scour is turbulent, and turbulence is still an 
outstanding difficult subject to understand comprehensibly. Consequently, most studies 
in this field involve systematic experimentation to delineate the significant variables and 
to develop empirical relationships between the flow patterns, the scour characteristics and 
the properties o f the bed material.
Model studies are required for complex and larger projects. Models can be 
numerical as well as physical. Numerical models have limited predictive potential 
although their utility will increase with the formulation o f adequate theoretical structures 
to support them. At present, physical modelling is a much more reliable tool. Several 
criteria such as geometrical conformity, Froude number similarity, similarity o f sediment 
transport, should be fulfilled to accept similarity between model and prototype (Breusers 
and Raudkivi, 1991). However, maintenance of a complete similarity is also difficult. A 
significant number of variables influence the scouring process and the complexity of the 
flow patterns do not render an easy analysis.
5
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1.3 OBJECTIVES AND SCOPE
1.3.1 Objectives
The purpose o f this research is to study the characteristics of scour caused by 
three-dimensional wall jets. The objectives are:
1. To investigate the local scour of cohesionless sediments by a three-dimensional 
wall jet in the presence o f varying tailwater depth.
2. To investigate the time variation o f scour.
3. In conjunction with other studies simultaneously being carried out at the 
University o f Windsor, to produce a database that can be used in the development 
and calibration o f numerical models.
1.3.2 Scope
Relevant literature dealing with experimental and numerical analysis o f scour 
caused by wall jets is reviewed in Chapter 2. Description o f experimental details, an 
overview o f the LDA system, as well as a description o f the flow system is given in 
Chapter 3. Details o f the experimental set-up and the procedures adopted are also 
provided in Chapter 3. The data presented in this chapter are used to characterize the 
effect of time on different scour parameters. The discussion of results is presented in 
Chapter 4. The major conclusions from the present research are given in Chapter 5. 
Recommendations for future research are also included in this chapter.
6




An excellent review o f the different types o f jet scour can be found in Breusers 
and Raudkivi (1991). In practice, the jets can be two- or three-dimensional, and the flow 
can be free or submerged depending on the tailwater conditions. Many studies have 
been conducted with plane wall jets that interact with non-cohesive sand beds. The 
resulting clear water scour has been measured to understand the evolution o f scour with 
time. All studies have noted the development of scour to be rapid in the early stages and 
progressing towards a quasi-asymptotic stage where the scour profile does not change 
significantly with time. Furthermore, some studies have noted the presence of a variety 
o f flow phenomena occurring in what could otherwise be regarded as simple flow fields.
2.2 Scour by two-dimensional jets
Mohamed and McCorquodale (1992) investigated the local scour downstream of a 
rectangular slot with a deep tailwater depth and identified two stages o f local scour 
development:
(i) an initial stage o f local scour which occurs rapidly.
(ii) a progressive stage which approaches equilibrium after a very long time.
They observed that the equilibrium depth for short-term scour is established 
within less than 1% of the development time for the long-term scour; the short-term scour 
although not as deep as the long-term scour occurs closer to the apron; the bed in the
7
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short-term scouring regime is more highly fluidized than in the regime that governs the 
long-term scour. They have also mentioned that short-term scour due to plane horizontal, 
supercritical jets under low tailwater conditions is related to the energy dissipation regime 
that dominates the flow. They have identified the presence of seven different flow 
regimes:
1. attached jet
2 . attached jet with adverse hydraulic jump
3. moving hydraulic j ump
4. wave jump
5. surface j et/inverted j ump
6 . plunging/B-jump
7. classical jump in the stilling basin.
The more rapid short-term scour was associated with regimes 1 , 2 , 3  and 6 , while 
the deeper long-term scour was associated with regimes 4 and 5.
In dealing with submerged plane wall jets issuing below a sluice gate, 
Balachandar and Kells (1997) have noted the presence o f two flow regimes; a digging 
phase due to the formation of a bed jet followed by a refilling phase due to the deflection 
o f the jet towards free surface. The digging process usually occurred for a short period of 
time (10-25 s) and the refilling process occurred over a relatively longer period of time 
(100-1000 s). The two flow regimes were found to alternate. The downstream movement 
o f the bed material was accompanied by the rapid digging o f a trough in the sand bed 
relatively close to the sluice gate. The digging process was immediately followed by a 
gradual upstream transport o f the sand particles and a refilling of the trough. The
8
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particular significance o f this study was that the maximum depth of scour observed 
during the short-duration digging was greater than was observed during any other phase 
o f the scour process.
In observing scour hole development in the presence o f shallow tailwater depths, 
Johnston (1990) noted three different scour hole regimes. Two are formed when the jet 
permanently attaches itself to either the bed or free surface boundary whilst the third is 
produced when the jet periodically flips between the free and solid bed boundaries. 
Johnston (1990) also observed that in certain shallow tailwater conditions the 
development of a scour hole downstream of a slot je t is more complicated than in 
relatively deep conditions. Johnston (1990) found that while in deep conditions the scour 
hole development is orderly and invariably reaches a well defined asymptotic state, in 
shallow conditions such a state is sometimes not reached. The proximity o f the bed and 
free surface has a considerable influence on the nearfield flow pattern and can promote 
the flipping of the je t from one boundary to another.
Rajaratnam and Macdougall (1983) have found that for the asymptotic state of 
erosion, the maximum depth of erosion (em) as well as the distance o f this section from 
the gate (xm), in term of the thickness of the je t (bo), are mainly functions o f the 
densimetric Froude number ( F0= U 0 / ^/g(Ap/p)d 50 ). However, the magnitude o f 8ra/bo is
much less than the corresponding value for the case with deep tailwater, for essentially 
the whole range o f Fo. They also found that the section of maximum erosion is pushed 
farther downstream and the characteristic ridge which exists at the downstream end o f the 
scour hole for the deeper tailwater case is totally absent for tailwater depth equal to the jet
9
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thickness (bo)? but the eroded bed profiles in the asymptotic state were found to be 
approximately similar.
2.3 Numerical prediction of scour
Neyshabouri et al., (2001) have conducted a numerical simulation of scour by a 
plane wall jet. They have presented the time rate deposition or scour at the bed by solving 
the continuity equation for sediment and found that the flow pattern and especially the 
shear stress at the bed, which is the main factor influencing the scour process, can be 
predicted correctly by the hydrodynamic component of the model.
Ushijima (1996) has developed a numerical prediction for local scour on a sand 
bed due to turbulent flows on the basis o f the arbitrary Lagrangian-Eulerian formulation, 
in which three-dimensional body-fitted coordinates are properly generated for the sand 
bed profile which is unsteadily deformed by the flow. The equations for momentum, 
turbulent quantities, and sand concentration are discretized in a Lagrangian scheme so as 
to preserve second-order accuracy with respect to time and space. The sand bed profiles 
are predicted with the continuity equation for sand by evaluating the total flux consisting 
o f the bed and suspended loads caused by the tractive and convective forces of the 
turbulent flow. The developed numerical method was applied to a local scour experiment 
and the predicted sand bed profiles were compared with the measured results.
Karim and Ali (1999) has described a testing procedure for investigating the 
suitability o f the FLUENT CFD package in simulating flow patterns, generated by a 
turbulent water jet impinging on rigid horizontal and scoured beds. The scoured beds 
were predicted at various times of the scouring process. The numerical prediction scheme
10
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provided by FLUENT was used to predict the 2-D flow velocity distribution and the bed 
shear stress for both flat bed and scoured bed. The computational results showed a close 
agreement with the various selected experimental results.
2.4 Scour by three-dimensional and circular wall jets
2.4.1 Characteristics of three-dimensional wall jets
Prior to discussing the scour characteristics it is perhaps useful to understand the 
state of knowledge as related to three-dimensional wall jets. Rajaratnam and Pani (1974) 
have studied three-dimensional turbulent wall jets in which the aspect ratio is not very 
different from unity. The mean velocity at the nozzle exit was approximately 7.62 m/sec 
(25 fps). Experimental observations on three-dimentional wall jets indicate that in the 
fully-developed zone, the velocity profiles are approximately similar. Rajaratnam and 
Pani (1974) also observed that the velocity distribution very quickly assumes the classical 
shape noticed in plane wall jets. They also noted that the u velocity decreases 
continuously from a maximum value on the center plane as y increases. Here, u is the x 
component of the turbulent mean velocity at any point and y is the transverse distance 
measured from the centre plane. The boundary shear stress, To, on the centre plane was 
found to decrease with longitudinal distance x. They have defined two length scales bz 
and by, where bz is the length scale in the z or vertical direction, equal to the half-width of 
the jet, and by is the length scale in the y or transverse direction. Rajaratnam and Pani
(1974) noted that the velocity distribution was (reasonably) similar for longitudinal 
distances greater than about ten times the nozzle height. They have also found that the 
virtual origin (i.e. the point at which bz is zero) is located about 20 times the nozzle height
11
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behind the nozzle and by grows about four to five times as fast as bz. They also noted that 
the virtual origins defined from velocity scale and length scale considerations do not 
coincide.
Padmanabham and Gowda (1991) have studied three-dimensional wall jets 
generated by different orifice geometries. They observed that at lower values of x/hi 
(< 30), the influence o f the orifice geometry is significant. Here, x is streamwise or 
longitudinal distance along the jet axis and hi is distance normal to the plate from one 
edge of the circular orifice. The turbulence levels in the outer region are affected by the 
presence o f the wall. The differences in the turbulence levels for the various geometries 
decrease with the distance from the orifice exit. As (x/hi) increases, the lateral distance 
across which (u/Um) remains constant increases. Here, u is the r.m.s. velocity fluctuations 
in x-direction and Um is maximum velocity at any station along x-direction. The overall 
levels of (u/Um) also appear to be constant for larger x/hi values. It is important to note 
that geometry has a distinctive influence not only on the mean velocities but also on the 
turbulence levels. Beyond x/hi = 60, the variation of (u/Um) for all the shapes can be 
expected to be negligible as self-similarity in (u/Um) is achieved. It is observed that there 
is poor agreement between the turbulence (u) data for a free je t and that for the outer 
layer of wall jets measured in x-y plane. However, there is good agreement when the 
spanwise distributions are considered. This was also the case regarding the mean 
velocities in the spanwise direction. It appears as though the flow history has a lesser 
influence in the spanwise direction than in the longitudinal direction.
Another important feature noticed by Padmanabham and Gowda (1991) is that the 
point of zero shear stress does not coincide with the point o f maximum velocity. The
12
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point of zero shear stress is around y/ym/2 = 0.13 (y = direction normal to plate and ym/2 = 
value of y where velocity = Um/2) on the average for all the geometries tested, which is a 
typical value generally observed for both two-dimensional and three-dimensional wall 
jets.
Craft and Launder (2001) have investigated the spreading mechanism of the 
three-dimensional turbulent wall jets and concluded that the high lateral rate o f spreading 
is due entirely to induced axial vorticity rather than the asymmetric diffusion and that the 
driving vorticity source is created by the anisotropy of the Reynolds stresses in the plane 
perpendicular to the jet axis rather than the bending of mean vortex lines. They have also 
found that evidence from developing flow computations indicates that the flow has by no 
means reached full development even at 100 diameters. The slow evolution rate arises 
from the intercoupling of the secondary flow and the primary motion and the fact that the 
secondary flows are strong enough to modify the Reynolds stress which are, in turn, the 
drivers o f the secondary currents. They have also observed that the spreading pattern of 
the je t for laminar flow is very different from that observed in turbulent flow.
2.4.2 Scour characteristics
Scour by three-dimensional and circular wall jets have also been studied, but to a 
lesser degree than that caused by plane jets. These include the study by Rajaratnam and 
Berry (1977), Ali and Lim (1986), Hoffmans and Pilarczyk (1995), Chiew and Lim 
(1996), Ade and Rajaratnam (1998) and Hoffmans (1998). Van der Meulen and Vinje
(1975) rightly point out the importance o f three-dimensional scour in practical flow fields 
and note similarity in local scour development.
13
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Rajaratnam and Berry (1977) studied the scour produced by circular wall jets 
interacting with erodible sand and polystyrene beds. They used both air and water jets, 
and concluded that the main geometric characteristics of the scour hole are functions of 
the densimetric Froude number (Fo=Uo/-sjg(A p/p)d50 ). Even in the development phase
of the scour hole, the erosion profiles could be made similar by choosing the appropriate 
length scales. Using the velocity profiles measured in the air jet experiments, Rajaratnam 
and Berry (1977) concluded that as the asymptotic state is reached, in the region close to 
the nozzle exit and up to the point of maximum scour depth, the jet expands in an 
unconfmed manner, while in the downstream region, the jet behaves like an obliquely 
impinging jet.
Ali and Lim (1986) studied the scour caused by three-dimensional wall jets 
emerging onto sand beds with shallow tail water conditions. The expansion ratio o f the 
je t (nozzle width divided by channel width) varied from 8% to 95 % (near two- 
dimensional conditions). They noted that tail water had an influence on the maximum 
depth of scour at asymptotic conditions. Importantly, they recognized a critical tailwater 
condition beyond which a decrease or increase in tailwater causes an increase in the 
maximum depth of scour. Also, their data indicates that this critical value increases with 
increasing densimetric Froude number. It is possible that different types of flow patterns 
are associated with changing tailwater conditions causing the depth o f scour to vary. 
They showed that for the three-dimensional jets the mean flow velocity for any section 
decreases continuously in the flow direction, whereas for two-dimensional flow the mean 
velocity increases as the flow boundary converges. No reverse flow was observed near 
the bed for three-dimensional jets. It was observed that there were occasional turbulent
14
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bursts near the bed which brought sand particles from the upstream slope of the hole to 
the section of maximum erosion. Reverse flow was observed near the water surface for 
some of the three-dimensional jets. Unlike the two-dimensional je t results, a ridge was 
present in all the three-dimensional jet results. They note that the time evolution o f scour 
followed a power law relationship as
V—r = 187.72 
R 3
\ 2-28





J for three-dimensional j ets.
Here, V is the volume of scour and R is the hydraulic radius.
Hoffmans and Pilarczyk (1995) developed a semi-empirical relation for the 
upstream scour slope and verified the model using the results o f a number o f open 
channel flume experiments. Lim (1995) studied the effect o f the channel width 
(expansion ratio) on the scour development and noted that there was no effect for an 
expansion ratio greater than ten. He found that the scouring process is mainly a function 
o f the densimetric Froude number Fo. The lateral development of the scour hole was 
affected by the downstream channel when it became too narrow and restricted for the 
normal diffusion o f the three-dimensional je t flow. Except for the width o f the scour hole, 
the effect o f the channel width on the maximum length, depth and volume of the scour 
hole was not significant when data for wide and narrow channels were compared.
Chiew and Lim (1996) studied the three-dimensional scour caused by circular 
wall jets (air and water) in deeply submerged flows. Their data shows that the extent of 
scour and the size o f the downstream ridge are sensitive to whether the test is conducted 
with air or water jets. The air jet experiments are accompanied by smaller ridges and
15
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deeper scour holes. They concluded that this effect was due to the significant density 
difference between air/sediment compared to water/sediment. There is a difference of 
approximately 1,340 times between these two ratios. This density difference directly 
affects the mode o f sediment transport in the two different flow media (Raudkivi 1976). 
To erode a sediment particle from the scour hole, it is necessary for the particle to 
overcome the potential energy defined by the vertical distance between the peak of the 
ridge and the valley of the scour hole, i.e., the sum of the scour depth and the ridge 
height. A sediment particle clearly needs much more energy to overcome the potential 
energy created by the higher ridge formed in water than that formed in air. Since the 
sediment particle derives its energy solely from the jet flow, which would approximately 
be a constant for a given value of Fo, a smaller scour depth will inevitably form when the 
ridge is high. The higher ridge impedes the development of the scour hole to its fullest 
potential in water, resulting in a smaller equilibrium scour hole.
Chiew and Lim (1996) also suspected that the ratio of the size o f the nozzle to 
sand particle size should have an influence on the scour profiles. However, their tests did 
not indicate any such effect. Further, Chiew and Lim (1996) also recommend the use of 
the densimetric Froude number as the main characteristic parameter to correlate the test 
results. They defined the dimensions o f the scour hole caused by a circular wall jet as 
follows:
—  = 0.21F0 — = 1.90F0075 — = 4.41F0075
b0 b0 b0
Using over 350 data sets, Ade and Rajaratnam (1998) further emphasize the use
of F0 as the characteristic parameter to analyze scour caused by circular wall jets.
However, they noted that the asymptotic dimensions of the scour hole were dependent on
16
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the tailwater conditions for F0 > 10. Ade and Rajaratnam (1998) also noted that the 
maximum depth of scour was found to be larger at deeper submergences and higher 
values of F0, which is consistent with the measurements of Ali and Lim (1986). Another 
interesting observation was that the difference between two consecutive profiles at any 
location along the bed appeared to increase with increasing distance from the nozzle. This 
suggests that the eroded bed profile attain an equilibrium state at earlier times for 
locations closer to the nozzle. They have also commented that the maximum depth of 
scour is usually located just downstream of the mid-point of the scour hole length L, that 
is, approximately (0.57 ± 0.28)L based on the 350 sets o f data they analysed. In studying 
erosion below culvert-like structures, Rajaratnam and Diebel (1981) found that the 
relative tailwater depth and relative width of the downstream channel do not affect the 
maximum depth of scour whereas the location o f the maximum scour was affected.
17
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2.5 Evaluation of literature review
An evaluation o f the literature indicates that the scour caused by three- 
dimensional jets warrants further study. The role of tailwater depth needs to be clarified, 
especially at lower submergences. Moreover, previous observations have also indicated 
that the effect o f the tailwater depth was significant for densimetric Froude number 
greater than ten. Many of the well-regarded studies mention that the main geometric 
characteristics o f the scour hole are only a function o f the densimetric Froude number. 
Some researchers have suspected that the ratio o f the size of the nozzle to sand particle 
size should also have an influence on the scour profiles. On the basis of the current 
review of literature, the specific objectives o f this study include:
1. Study the influence of the densimetric Froude number, tailwater depth and 
grain size to nozzle size ratio on the extent of scour caused by three- 
dimensional jets.
2. Examine the effect of tailwater at low submergence for a densimetric Froude 
number Fo < 10. To this end, three different tailwater levels will be 
considered.
3. Study the effects of expansion ratio at low submergences.
4. Introduce a set o f scaling parameters to investigate the time variation o f the 
scour parameters.
5. Develop empirical relations to predict the scour profile.
18
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CHAPTER 3 
EXPERIMENTAL SETUP AND PROCEDURE
3.1 The open channel flume and header tank
A schematic drawing o f the open channel flume and experimental setup used in 
this study is shown in Figure 3.1. The open channel flume is 8.0 m long, 1.1 m wide (B) 
and 0.92 m high. The header tank is 1.2 m square and 3.0 m high. The sidewalls and 
bottom of the flume are made of transparent tempered glass to facilitate velocity 
measurements using a laser Doppler anemometer. The flume is a permanent facility and 
the quality o f flow has been confirmed in previous studies. The channel bottom slope is 
adjustable. For the present experiments, the channel bottom was set to be horizontal.
3.2 The nozzle
Two different nozzles with square exits (widths b0 = 76 and 26.6 mm) were used 
to generate the jets. Details are provided in Figure 3.2. The nozzle assembly was 
positioned near the upstream end of the flume. The inside o f the nozzle was spray painted 
and finished to be smooth. The upstream end of the nozzle had a flow straightner to 
reduce the turbulence level. For the larger b0, the nozzle provided an area contraction of 
16:1, while for the smaller b0, the area contraction was 131:1. The corresponding jet 
expansion ratios (B/b0) were 14.5 and 41.4 respectively. These values o f the expansion 
ratio are greater than the recommended minimum value o f 10 (Lim, 1995). Prior to the 
start of the experiments, the quality o f the flow was verified by conducting velocity 
measurements in a deeply submerged free jet. The velocity profiles (Figure 3.3) were
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symmetrical and uniform over the nozzle cross-section at a section 1.3b0 from the nozzle 
exit. In Figure 3.3, U is velocity at any point and Uc/i is velocity at the centre for a 
particular section.
3.3 The sand bed
A bed made up of sand particles was leveled to the invert of the nozzle outlet and 
the gradation measurements are shown in Table 3.1. The characteristics indicate that the 
sand can be considered to be reasonably uniform. Breusers and Raudkivi (1991) have 
mentioned that from a hydraulic engineering point of view, if dgs/ds < 4 or 5 then the 
sediment is uniform, and similarly if the geometric standard deviation, og , defined as 
(d84/di6)0 5, is less than 1.35 the sediment may be considered uniform. Little and Mayer 
(1976) limits ag = 1.30 for the sediment to be called uniform. Gessler (1971) suggested a 
d84/d5o ratio of less than 2 for the sediment to be uniform. Soil scientists have commonly 
used the coefficient of curvature, Cz, defined as d23o/(deodio). A soil having a Cz value 
between 1 and 3 is considered well-graded (Aderibigbe and Rajaratnam, 1998). The bed 
in the present study was 325 mm deep and 3 m long. The flow conditions were 
maintained to permit local scour to occur (i.e., no general scour) and there was no net 
transport o f sand beyond the edge of the bed. Downstream of the bed, a sand trap was 
provided to prevent any accidental transport of sand particles into the pump/piping 
assembly.
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CTg — / dl6 1.24
C2 — d^o /(d60 d l0) 1.00
Table 3.1. Gradation measurements of the sand bed
3.4 Laser Doppler Anemometry
Laser Doppler anemometry is the measurement o f fluid velocity by detecting the 
Doppler frequency shift o f laser light that has been scattered by small particles moving 
with the fluid. A typical system consists of a laser source, an optical arrangement, a 
photo-detector that converts light into electrical signals and a signal processor.
The present LDA system was powered by 300-mW argon-ion laser. The optical 
systems include a Bragg cell, a beam expansion unit and a 500-mm focusing lens. The 
LDA system was operated in backward scatter mode. The measuring volume for the 
present configuration was 0.124 x 0.123 x 1.65 mm3. Sufficient particles were present in 
the water so that no artificial seeding was required. Due to the restrictions imposed by 
the geometry of the transmitting optics and the channel support structures, no 
measurements were possible at locations closer than a distance of 1.3b0 downstream of 
the nozzle exit. Measurements were conducted along the centreline of the channel at 
various distances from the nozzle (0.1 < x < 1 m). Furthermore, during the entire test
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duration, the mean velocity at x = 98 mm and the nozzle centre was monitored to ensure 
that constant flow conditions were maintained. Typical data rates o f 10 ~ 100 Hz were 
obtained and the maximum duration for data acquisition at each measurement location 
was set to 2 minutes. The uncertainties in the mean and turbulence intensity are 
estimated to be less than 1% and 2.5%, respectively. The movement o f the fiber probe 
was undertaken by a manual traverse. Similar commercial LDA system have been used in 
several other studies and details are avoided here for brevity (for example, see Tachie, 
2000).
3.5 Test conditions
A summary of the test conditions is presented in Table 3.2. Three different 
tailwater depths (H), corresponding to 2b0, 4b0 and 6b0 were chosen for the study. The 
je t exit velocity in the initial series (tests A, B and C) was held constant at 1.31 m/s. This 
corresponds to a jet exit Reynolds number (Rej = U0b0/v) of 1 x 105. This value can be 
considered to be high enough for fully turbulent conditions to prevail. The flow Froude 
number Fr= U 0/ A/gb0 is 1.5 and the densimetric Froude number F0= U 0/ ^]g(Ap/p)d50 is
6.6. As indicated in Table 3.2, experiments were also conducted with a smaller nozzle 
(b0 = 26.6 mm). The change in nozzle size enables conducting tests with a larger dso/bo 
ratio and at a higher expansion ratio. The tests with the smaller nozzle (Tests D to I) 
were conducted at conditions to match either the exit Froude number or the densimetric 
Froude number o f the initial tests.
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d5o/b0 Fr F0 Test
duration
A 76 1.31 6 0.032 1.5 6.6 1 to 72 hrs.
B 76 1.31 4 0.032 1.5 6.6 1 to 72 hrs.
C 76 1.31 2 0.032 1.5 6.6 1 to 3 hrs.
D 26.6 1.31 2 0.092 2.6 6.6 1 to 6 hrs.
E 26.6 0.78 2 0.092 1.5 3.9 1 to 6 hrs.
F 26.6 1.31 4 0.092 2.6 6.6 1 to 6 hrs.
G 26.6 0.78 4 0.092 1.5 3.9 1 to 6 hrs.
H 26.6 1.31 6 0.092 2.6 6.6 1 to 6 hrs.
I 26.6 0.78 6 0.092 1.5 3.9 1 to 6 hrs.
J 76 0.87 1.57 0.032 1.0 4.4 0.27 to 3 hrs.
Table 3.2. Summary of test conditions
Some o f the tests were repeated to ensure repeatability. For tests A and B, the 
scour profiles were obtained at 1, 3, 6, 12, 24, 48 and 72 hours. In the case o f Test C 
(lower tailwater ratio), beyond a test period of one hour, additional deposition in a 
manner not noticed in tests A and B occurred and it appeared that secondary effects (such 
as the proximity o f the side walls to the ridge periphery) may have an influence on the 
flow characteristics. This test was discontinued beyond three hours. However, as shown 
in Table 3.2, tests D and E were conducted with the smaller nozzle for the lower tailwater 
ratio (H/b0 = 2) until asymptotic conditions were attained. Test J was conducted to
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enable comparison with one particular test of Ali and Lim (1986) which was carried out 
using a square cross-section nozzle at a tailwater ratio of 1.57.
3.6 Test procedure
The sand surface was leveled to provide zero slope and saturated prior to the start 
o f the test. Water was filled in the flume to the required level. Preliminary tests were 
performed for each flow condition to ensure the use o f proper operating condition to 
achieve the required flow field. For each test type, the run was continued to ensure that 
the equilibrium scour condition had been attained. The geometric profiles o f interest 
include the centreline scour profile, plan view o f scour hole/ridge, maximum scour depth, 
location of maximum scour depth, maximum scour width, location o f maximum scour 
width, length of scour, maximum ridge height, location of maximum ridge height, 
maximum ridge width, location of maximum ridge width, and the distance o f the end of 
the ridge from the nozzle exit. The scour profiles were obtained using a point gauge fit 
with an electronic display unit after stopping the flow and slowly draining the water from 
the bed. The point gauge was set on a traverse which could be moved in the longitudinal 
as well as the transverse direction. The point gauge electronic display could be read up to 
the nearest 0.01 mm. Maximum scour dimensions were measured with respect to the 
original bed level. Volume of scour and ridge were calculated analytically from profile 
data. Digital photographs were taken after each test run. For some tests, sand particles 
were collected from selected locations in the scoured region to study deposition pattern.
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Fig. 3.1. Schematic of the open channel flume and experimental setup
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Fig. 3.2. Section of square nozzle: a) b0 = 76 mm, b) b0 = 26.6 mm
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Fig. 3.3. Velocity profile across the nozzle cross-section
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CHAPTER 4
RESULTS
4.1 Stages of scour process
The following general description based on visual observation applies to the scour 
process for tests A and B conducted with the larger nozzle. Any dissimilarities at the 
various tailwater depths are addressed as the discussion progresses. As the jet exits the 
nozzle and interacts with the sand bed, the scour progresses rather quickly in the 
longitudinal direction. The jet expands in the lateral direction and the scour also 
progresses in this direction, albeit slower than that in the longitudinal direction. During 
the early stages o f scour, a certain amount o f material goes into suspension and is 
convected with the main flow and deposited as a downstream ridge. Figure 4.1 provides 
a schematic o f the scour hole and the ridge that is formed downstream of the scour hole. 
With progress in time, the depth o f scour increases while retaining the same general 
shape of the hole, which is more-or-less elliptical in shape. As scour progresses, the 
upper portion (A-B in Figure 4.1) of the scour slope attains an equilibrium stage, while 
the lower portion (B-C in Figure 4.1) is still developing. Turbulent bursts occur in the 
lower portion of the scour hole contributing to the transport o f the sand particles. The 
scour caused by the turbulent bursts is quite different from the large scale scouring action 
o f the jet reported earlier. The turbulent bursts are not strong enough to cause a large 
scale suspension of the particles and only cause a rolling motion o f the sand particles. 
These bursts occur quite often with the frequency of occurrence appearing to decrease 
slightly as time progresses. The bursts persisted throughout the test period. Visual
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observations also indicated the absence o f any large scale recirculating zone in the 
vicinity o f the bed. With increasing time, flow continuity considerations indicate that the 
erosion capacity in the zone of maximum scour depth should be small (due to flow 
deceleration). However, beyond xm (Figure 4.1), one has to note that the flow has to 
negotiate a ridge o f significant height and particles could be seen to be slowly rolling 
down the ridge past the crest. The particles would clearly require a significant amount of 
energy to convect past the ridge. This energy would have to be drawn from the mean 
motion of the jet, which decreases as the jet expands and interacts with the bed. With 
progress in time, the dimensions of the scour hole do not change significantly and a 
quasi-equilibrium stage is reached. The pictures in Figure 4.2 provide a visual 
description o f the time development o f the scour hole and the ridge for Test A. In the 
tests with the larger nozzle exit, the equilibrium stage is reached after 48 hours. 
However, the tests were conducted for longer periods to ensure the attainment of an 
asymptotic state.
It should be remarked that around the periphery o f the scour hole and close to the 
start of the ridge, the deposition pattern was slightly different at the lowest tailwater 
depth (Test C) compared to that at the higher tailwater depths in the initial test series. 
One could notice that after about an hour o f testing, a secondary ridge formed on either 
side of the main ridge. The secondary ridge was elongated in the longitudinal direction 
and Figure 4.3a provides a pictorial representation o f the scoured hole at t = 3 hours. A 
similar phenomenon was not noticed with the smaller nozzle (Figures 4.3b) for the same 
jet exit velocity (Test D). However, with the smaller nozzle, at the tailwater depth (H) o f 
2b0, the main ridge appeared to be flatter (without a sharp crest) with a plateau forming
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on the top surface o f the ridge (Figure 4.3b). A similar flattening of the ridge was noticed 
by Lim (1995) at tailwater ratio (H/bo) o f 0.47. Figures 4.3c and 4.3d show the progress 
of scour at a lower densimetric Froude number (compared to Figure 4.3b). To enhance 
the visibility o f the scoured region, a black thread was placed along the edges o f the scour 
hole and ridge. At a lower F0 (i.e., lower velocity), the jet initially tends to move laterally 
to one side. This is reflected in a non-symmetrical shape of the scour hole. With 
increasing time, the jet tends to become symmetrical about the nozzle axis and the scour 
hole changes in response to this jet movement. Further progress o f the scour hole tends 
to be symmetrical. There was no initial preferential movement o f the jet (to one side or 
the other) that was noticed during the various tests that were conducted. The lateral 
movement o f the jet was absent at the higher je t exit velocities.
Visual observations o f the scoured region also indicate a preferential pattern of 
deposition and particle separation by size. These aspects are discussed in section 4.8.
4.2 Scour profiles -  Test A
Figure 4.4a shows the time development o f scour profiles along the nozzle axis 
(side view). Figure 4.4b shows the plan view of the perimeter of the scour hole, while 
Figure 4.4c shows the corresponding plan view of the ridge. In all three figures, with 
increasing time, the profiles gradually tend to an asymptotic state, i.e., there is no 
significant change in the profiles after t = 48 hours. From Figure 4.4a, one can note that 
the maximum depth o f scour (sm, see Figure 4.1 for definitions) and the location of the 
maximum depth from the nozzle exit (xm) increase with increasing time. One can also 
note that contrary to depth o f the scour, the maximum height o f the ridge (h) does not
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change much with increasing time, but the location of the maximum height of ridge from 
the nozzle exit (L4) increases with increasing time. Figure 4.4a also shows that the 
difference between two consecutive profiles at a fixed distance from the nozzle increases 
with increasing x. This indicates that the scour profiles attain a near-equilibrium state at 
earlier times for locations closer to the nozzle. Ade and Rajaratnam (1998) noted a 
similar behavior for scour caused by a circular wall jet. For x/b0 < 5, all the profiles in 
Figures 4.4a and 4.4b are more-or-less collapsed together. Further, the height o f the ridge 
attains near constancy early on, though the location of the peak changes. The time 
dependency o f the scour profiles are very similar for the other tests conducted in the 
present study. However, with the smaller nozzle, the asymptotic state is reached much 
earlier (t ~ 6 hours).
4.3 Velocity profiles
Figures 4.5a -  4.5c show the longitudinal mean velocity measurements at three 
different sections at various instants from the start o f the test. The velocity measurements 
were carried out along the plane containing the nozzle axis. Figure 4.5a shows that the 
velocity is uniform close to the nozzle exit and is similar over the entire test duration. At 
the second and third sections, negative values of velocity occur at farther distances from 
the bed indicating the presence of a reverse flow closer to the free surface. The figures 
also indicate that as scour progresses, the velocity measurements do not change 
significantly at the latter two sections. A similar behaviour was noticed for all the tests 
carried out in the present study. The velocity profiles are consistent with the
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development o f the scour profiles (Figure 4.4) in that the profiles are well collapsed for 
small values o f x/b0.
Figures 4.6a -  4.6c show a comparison of the velocity profiles for Tests A and B 
with increasing time. The profiles are very similar at both the tailwater depths for 
sections close to the nozzle exit.
4.4 Effect of tailwater - Scour profiles
Figures 4.7a -  4.7g compare the time variation o f scour profiles along the nozzle 
axis for b0 = 76 mm at the three tailwater depths. For x/b0 < 10 , the profiles are similar 
for the tests with the two larger tailwater depths at all instants of time. At all t and x/b0 > 
10, the scour hole is consistently larger (albeit only slightly) for tailwater ratio (H/b0) of 
6 compared with tailwater ratio of 4. However, one should note that in these profiles, the 
absolute value o f sm is very similar for both Tests A and B up to t = 12 hours, beyond 
which em is larger for H/b0 = 4 (see inset in Figure 4.7b). For t > 12 hours, though the 
difference in sm is only 3 ~ 5 mm, the data trend indicates that the maximum depth of 
scour tends to be consistently larger at a lower submergence. It should be remarked that 
for circular wall jet scour, Ade and Rajaratnam (1998) found the maximum depth of 
scour to be larger at deeper submergences. Figure 4.7b indicates that at H/b0 = 2 and t = 
3 hours, the scour hole is larger compared to the other two tests, while the ridge height is 
smaller and the peak is farther away from the nozzle exit. The corresponding plan view 
o f the perimeter of the scour hole is shown in Figures 4.8a -  4.8g. This view clearly 
indicates that the perimeter o f the scour hole (affected zone) is consistently larger at H/b0 
= 6 compared to H/b0 = 4. However, as asymptotic conditions are reached (Figure 4.8g),
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one can note that the hole perimeter expands laterally for H/b0 = 4. The 72 hours test was 
chosen for repetition and ensured that this behavior was repeatable. LDA measurements 
also confirmed that there was no change in flow conditions at the exit o f the nozzle. 
Furthermore, for the same tailwater ratio, this lateral increase in scour hole size was not 
noticed for the test with the smaller nozzle at or near asymptotic conditions. One can 
suspect that this is a consequence of secondary flow effects that occur at low tailwater 
depths, lower expansion ratios and as the ridge grows in size.
4.5 Effects of secondary flow
Figure 4.9a shows the plan view o f the ridge at t = 3 hours for the three tailwater 
depths. The perimeter o f the scour hole is also shown for Test C. It is clear that at the 
lowest tailwater depth, the ridge is significantly different from that noticed at the two 
higher tailwater depths. On comparing Figure 4.8g with Figure 4.9a, one can note that at 
H/b0 = 4 and t = 72 hours, the scour hole is affected by secondary flow effects, while only 
the ridge is affected by secondary effects at the lowest tailwater depth (t = 3 hours). 
Figure 4.9b shows the lateral profiles of the scour hole and ridge sections for H/b0 = 2 at 
various distances from the nozzle. The figure clearly shows the formation of the 
secondary ridge. One should note that the extent of the scoured region is influenced both 
by the tailwater depth and the time from the start of the test.
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4.6 Volume balance of scour and ridge
Table 4.1 shows the comparison of scour volume with ridge volume. Volume was 
calculated from the scour/ridge contours. Scour profiles were obtained every 50 mm in 
the longitudinal (x) direction and every 25 mm in the transverse (y) direction. From the 
table it is apparent that scour volume increases with time and the equilibrium stage is 
reached after 48 hours for Test A. This is very similar to the time development of scour 
profiles shown in Figure 4.4. For 72 hours test o f Test B, there is a significant increase in 
scour volume when compared with t = 48 hours. This is due to the nature o f scour noticed 
in Figure 4.8g. Similar to the scour profile, the volume of scour is consistently larger 










A 1 0.018 0.020
A 3 0.022 0.026
A 6 0.025 0.028
A 12 0.029 0.031
A 24 0.036 0.034
A 36 0.037 0.040
A 48 0.042 0.045
A 72 0.041 0.044
B 1 0.017 0.019
B 3 0.021 0.023
B 6 0.025 0.027
B 12 0.027 0.029
B 24 0.034 0.034
B 48 0.037 0.042
B 72 0.043 0.036
C 1 0.018 0.018
C 3 0.023 0.031
Table 4.1. Comparison of scour volume with ridge volume for various tests
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4.7 Scaling variables
Figure 4.10 shows the variation of the maximum depth of the scour hole with 
increasing time. The depth o f scour is normalized by b0 while U0/b0 is chosen as the time 
scale to define a non-dimensional time. The data o f Ali and Lim (1986) obtained with a 
51 mm x 51 mm square cross-section nozzle is also shown for comparison. Their data set 
was obtained at a densimetric Froude number of 4.4, H/b0 was 1.57, and the ratio dso/b0 
was 0.016. To enable direct comparison with this data set, an additional test (Test J) was 
conducted as part o f the present study using the larger nozzle at the same value o f F0 and 
H/b0. However, it should be remarked that the value o f dso/bo in this test is 100% greater 
than that of Ali and Lim (1986). One can note from Figure 4.10 that the present set of 
data (Test J) and that o f Ali and Lim (1986) are very similar. Furthermore, the present 
data at the lower value o f F0 are very close to that o f Ali and Lim (1986) indicating that 
tailwater depth and dso/bo have no significant effect on the maximum depth o f scour. 
Previous studies at large tailwater depths have indicated that d5o/b0 has no systematic 
influence on the maximum depth o f scour (Chiew and Lim, 1996). However, it is 
interesting to note that at F0 = 6.6 and d5o/b0 = 0.032, the data (Tests A, B and C) are 
fairly collapsed together and almost independent o f tailwater depth, except for a slightly 
larger value of sm/b0 at the smallest tailwater depth. Comparing the results at F0 = 6.6 for 
d5o/b0 = 0.032 with d5o/b0 = 0.093, the effect of tailwater depth is seen to be significant, 
especially at the lowest tailwater depth. This leads one to conclude that F0, dso/bo and 
tailwater ratio have an influence on the maximum depth of scour, with each parameter 
having a dominant role that depends on the test conditions. One can speculate that at
35
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lower values of F0, the maximum depth o f scour is independent of H/b0 and dso/b0, while 
at a smaller value o f dso/b0, em is nearly independent o f tailwater depth at constant F0.
In an effort to further understand the role o f scaling variables, the variation of 
em/b0 with increasing time for several (169 nos.) tests, including the scour generated by 
two-dimensional, circular and three-dimensional jets was plotted (Figure 4.11a). For 
those sets of data where the effect of time has not been reported in previous studies, the 
data is shown for asymptotic conditions. The scaling variables in Figure 4.1 la  resemble 
that suggested in several related studies. There is a fairly large scatter in the data. The 
same set of data is re-plotted in Figure 4.1 lb  using a combination o f the nozzle hydraulic 
radius, dso and F0 as the scaling variables. This is done to accommodate the effect of 
nozzle size (and shape), sand grain size and densimetric Froude number. Rndso(1'n)F0m is 
suggested as the scaling parameter. The value o f exponent n is 0.75, while m is 0.65 in 
Figure 4.1 lb. With the exception o f the two-dimensional jet scour results of Rajaratnam 
(1981), the other data more-or-less collapse on to a single curve. Compared to the other 
results, it should be noted that the circular je t scour data o f Ade and Rajaratnam (1998) 
have a large dso = 7.20 mm (gravel) and also noted that the plane wall jet scour data of 
Aderibigbe and Rajaratnam (1998) have a large d5o/b0 = 1.35 (gravel). Given the wide 
variety o f experimental conditions encountered in the various tests, the collapse o f the 
data is fair. The solid line in the figure indicates the fit to the data from the present and 
previous studies where time variation o f scour is available. Simple empirical relations 
are suggested for the various scour parameters and indicated in each o f the figures. It 
should also be remarked that for T = tUo/H > 106, an asymptotic state can be assumed. 
The role o f the suggested combination of variables is also reflected in scaling the other
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scour hole variables (Figures 4.11c -  4.1 It) . The value o f n changes slightly depending 
on the parameter (0.65 to 0.75) while m varies from 0.6 to 0.65. The only exception is for 
the parameter h, where the value of m = 1 produces the best fit to the experimental data. 
These figures indicate that the effect o f tailwater depth, sand grain size, nozzle shape, 
time since the start o f the test and the prevailing densimetric Froude number are absorbed 
by the proper choice o f the scaling variables.
4.8 Mapping of deposition of sand particle size
From visual observations, five different zones o f sand particle deposition were 
noticed. To study the preferred deposition pattern, sand was carefully scrapped from the 
top layer of the scoured bed. The different zones are indicated in Figure 4.12a.
1. Zone A : This zone is formed around the juncture of the edge o f the scour hole 
and the beginning of the ridge and commenced to occur after 20 ~ 24 hours of 
scouring. With every turbulent burst the sand particles were moved downstream 
and when unable to cross over the ridge, the finest particles rolled back towards 
this zone.
2. Zone B : This region occurs from the tip of the ridge and through the 
downstream slope. The particles o f this zone are coarser than the original bed. 
The thickness of this zone varies from 12 mm to 25 mm and is larger than the 
other zones.
3. Zone C : This region occurs on the upstream face of the ridge and extends to the 
ridge top. The particles o f this zone are less coarse than zone B. This zone is very
37
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thin with 5 to 10 mm thickness and very fine particles were observed below this 
zone thickness.
4. Zone D : This is a sandwiched region between Zone B and Zone C and occurs 
mostly on the flattened part of the ridge. The thickness o f this zone varies from 10 
to 20 mm. The particles are coarser than zone C but finer than zone B.
5. Zone E : This zone is limited in thickness and has very large particles that are 
sparsely distributed over the entire region.
Figure 4.12b shows the particle size distribution for the different zones. Other 
than the very scattered thin layer of coarsest particles (Zone E) and deposition o f finest 
particles (Zone A), it is evident that there is a significant re-distribution o f particles. The 
coarser particles were located on the downstream side o f the ridge. This is contrary to the 
observation o f Aderibigbe and Rajaratnam (1998), who noticed the deposition o f finer 
particles on the downstream slope of the ridge. This is a further indication o f the 
complexity of interaction between the flow and the sand particles.
4.9 Empirical prediction of scour profile
The variation o f s/sm with increasing x/sm and variation of w ’/w with increasing 
x/w have been plotted for all the test duration of Test A, B & C in figure 4.13 and an 
empirical prediction of scour profile along nozzle centre line at any particular time can be 
expressed as follows:
For 0 < x < xm
(  \ 3 (  \ 2 (  \






KSm , \ E m J
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For xm< x < L
= -0.005
f  A4 
X
+ 0.15





\ S m J
- 11.12 (4.1b)
The respective correlation coefficients R are 0.99 and 0.96.
For any particular time, em , xm and L can be determined from the formula shown in 
Figure 4.1 lb, 4.1 Id and 4.1 lc respectively.
Similarly, an empirical prediction of plan view of scour hole at any particular time can be 
expressed as follows:
For 0 < x < L 2 , —  = -0.26
w













The respective correlation coefficients R are 0.99 and 0.90.
For any particular time w, L and L2 can be determined from the formula shown in Figure
4.1 If, 4.1 lc  and 4.1 le  respectively.
Additional figures and data that were acquired in the study are included in Appendix A 
and B.
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Fig. 4.1. Definition of scour parameters
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(a) I hour
(d) 24 hours
Fig. 4.2. Pictorial representation of scour at different instants of times for Test A
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Fig. 4.3. Photographs of scour at different flow conditions
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Fig. 4.4. Development of scour profile for Test A: a) centreline profile, b) plan view 
of scour hole, c) plan view of ridge outer boundary
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Fig. 4.5. Longitudinal mean velocity at different sections and various instants of time 
for Test A: a) at x/b0=1.3, b) at x/b0=5.3, c) at x/b0=13
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Fig. 4.6. Comparison of longitudinal mean velocity at different sections at various
instants of time for Test A and B: a) at x/b0=1.3, b) at x/b0=5.3, c) at x/b0=13
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Fig. 4.7. Comparison of scour profile along nozzle centreline at various 
instants of time: a) t = 1 hr., b) t = 3 hrs., c) t  = 6 hrs.
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Fig. 4.7. Continued: d) t  = 12 hrs., e) t  = 24 hrs., 
f) t = 48 hrs., g) t = 72 hrs.
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Fig. 4.8. Comparison of plan view of the perimeter of the scour hole at various 
instants of time: a) t = 1 hr., b) t = 3 hrs., c) t = 6 hrs.
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Fig. 4.8. Continued: d) t = 12 hrs., e) t = 24 hrs., f) t = 48 hrs., 
g) t = 72 hrs.
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F ig . 4 .9 . F o r  te s t  d u r a tio n  o f  t =  3  h rs.: a ) C o m p a r iso n  o f  p la n  v ie w  o f  th e  p e r im e te r  
o f  th e  r id g e , b ) L a te r a l p r o f ile  o f  sc o u r /r id g e  a t  d if fe r e n t  se c t io n s  fo r  T e s t  C
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Fig. 4.10. Variation of maximum scour depth with time
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Fig. 4.11. Role of scaling variables on the scour parameters
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Fig. 4.12. Mapping of sand deposition: a) Definition Sketch for Mapping of 
Deposition, b) Particle Size Distributions for Different Zone
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Eqn. 4.1a
For 0 < x < x.
0.00 -

















For l_2 < x < L
0.00 0.50 1.00 1.50 2.00 2.50
x/w
Fig. 4.13. Empirical prediction of scour profiles: a) centreline profile, 
b) plan view of scour hole
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORKS
5.1 Conclusions
• The results indicates that the densimetric Froude number, tail water depth and 
grain size to nozzle size ratio, all have an influence on the extent o f scour caused 
by three-dimensional jets. However, each parameter has a dominant influence at 
different flow conditions. For F0 < 5, tailwater depth and grain size to nozzle 
width ratio have no effect on the maximum depth and maximum width of scour. 
At higher densimetric Froude numbers, the effect of tailwater depth appears to be 
important at larger values of dso/b0.
• Previous observations have indicated that for F0 > 10, the effect o f the tailwater 
depth was significant. However, the present results indicate that the cut off value 
for F0 could be lower depending on the value o f d5o/b0.
• Earlier studies have also indicated that the effect o f the je t expansion ratio on the 
scour profile is not significant for expansion ratios greater than ten. However, the 
present results indicate that this factor can have a significant influence, especially 
at very low tailwater depths.
• Present results also indicate that in the lower range of submergences, the 
maximum depth of scour is not necessarily deeper at higher tailwater depths. It 
should however be noted that the volume o f scour is greater at higher tailwater 
depths even in the lower range of submergences encountered in the present study.
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• The suggested set o f scaling parameters based on nozzle hydraulic radius, grain 
size and densimetric Froude number provides for a better scaling o f the time 
variation of the scour.
• Earlier studies have indicated that the finest of the original sediment mixture were 
deposited downstream of the ridge. The present study shows that the finer 
particles constituting the original sediment mixture were deposited at the sides of 
the start o f the ridge. The present study also demonstrates that the top layer 
particles are coarser towards downstream and the coarsest particles are deposited 
on the down slope of ridge.
• The suggested empirical prediction of scour is useful to predict the scour 
centreline profile and plan view of scour profile at any particular time.
5.2 Recommendations for future works
On the basis of the above conclusions and our current understanding of scour by three- 
dimensional jets, the following recommendations are relevant for future work
1. Study the effect of tailwater depth on different scour parameters covering a 
wider range (0.5bo < H < 18bo).
2. Further study the effect o f grain size to nozzle size ratio using varying mixture 
of sand particles.
3. Study the effect o f sediment gradation on scour characteristics.
4. Study granular segregation of bed particles.
56
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Zero bed level
x/b.
t = 1 hr. 
t = 3 hrs 
t = 6 hrs. 
t=  12 hrs 
t = 24 hrs 
t = 48 hrs 
t = 72 hrs
Fig. A-l. Development of scour profile for Test B: a) centreline profile, b) plan view 
of scour hole, c) plan view of ridge outer boundary
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Test C, H/b0 = 2
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Fig. A-2. Development of scour profile for Test C: a) centreline profile, b) plan view 
of scour hole, c) plan view of ridge outer boundary
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Scour Centreline Profile Data
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Scour Centreline Profile Data (continued)
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Scour Centreline Profile Data (continued)
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Scour Centreline Profile Data (continued^
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Scour Plan Data
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Scour Plan Data (continued)
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Scour Plan Data (continued)
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Scour Plan Data (continued)
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Ridge Plan Data
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Ridge Plan Data (continued^
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Ridge Plan Data (continued)
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Ridge Plan Data (continued)
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Data fo r Scaling Param eter
Present, F0=6.6
TESTA TEST B
xm (mm) 500 550 600 600 650 650 700 750 450 550 550 550 600 600 600
Em (mm) 105.66 112.03 122.65 125.56 132.7 133.46 135.77 133.08 105.6 111.84 119.01 125.13 134.8 140.86 136.24
h (mm) 147.76 160.76 162.39 166.34 170.61 179.66 188.6 183.71 151.52 152.2 157.26 166.36 175.61 187.46 181.08
L4 (mm) 1265 1310 1365 1420 1515 1585 1620 1620 1225 1285 1365 1390 1485 1580 1600
w (mm) 470 520 520 550 600 610 640 680 460 490 510 530 540 580 820
L (mm) 1020 1065 1120 1155 1230 1285 1320 1325 975 1015 1100 1120 1200 1270 1285
L2 (mm) 550 650 650 700 800 800 800 850 550 550 650 600 750 600 1000
w, (mm) 720 790 820 840 860 950 980 990 680 730 770 800 830 900 900
L3 (mm) 1100 1100 1100 1150 1250 1450 1250 1300 1050 1150 1200 1200 1200 1200 1200
L, (mm) 1475 1540 1600 1660 1770 1850 1890 1890 1415 1510 1600 1620 1740 1845 1870
V (mm3) 2E+07 2E+07 3E+07 3E+07 4E+07 4E+07 4E+07 4E+07 2E+07 2E+07 3E+07 3E+07 3E+07 4E+07 4E+07
U0 (mm/sec) 1310 1310 1310 1310 1310 1310 1310 1310 1310 1310 1310 1310 1310 1310 1310
H (mm) 456 456 456 456 456 456 456 456 304 304 304 304 304 304 304
t (sec) 3600 10800 21600 43200 86400 129600 172800 259200 3600 10800 21600 43200 86400 172800 259200
d50 (mm) 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46
b0 (mm) 76 76 76 76 76 76 76 76 76 76 76 76 76 76 76
lo (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R (mm) 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19
Fo 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6
Fr 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
P r e s e n t ,  F 0= 6 .6 P r e s e n t ,  F 0= 6 .6 P r e s e n t ,  F 0= 3 .9 ,  S q u a r e  =  2 6 .6  m m
TEST C TEST D TEST F TEST H TESTE TEST G
X m ( m m ) 550 550 300 300 300 300 300 325 325 325 300 150 175 175 175
Em (mm) 108.32 120.37 67.7 68.35 68.74 49.52 55.85 52.81 53.7 56.06 51.57 26.57 29.21 28.3 24.32
h (mm) 106.35 126.99 36.71 37.61 40.9 66.55 74.53 76.11 79.13 80.46 87.41 27.32 29.33 31.04 18.44
L4 (mm) 1320 1455 775 700 750 665 685 671 650 650 660 375 400 387 425
w (mm) 450 500 250 263 247 213 238 250 205 232 234 105 114 124 109
L (mm) 1025 1120 565 550 575 530 545 555 528 535 535 285 285 288 335
L2 (mm) 550 600 325 325 275 350 400 350 350 350 325 225 200 200 225
w, (mm) 720 800 420 420 410 317 350 343 309 323 320 147 147 152 126
Lj(mm) 1000 1000 550 550 550 600 600 600 600 600 600 325 325 300 350
L, (mm) 1470 1640 830 800 835 757 780 793 753 770 770 432 445 430 490
V (mm3) 2E+07 2E+07 0 0 0 0 0 0 0 0 0 0 0 0 0
U0 (mm/sec) 1310 1310 1310 1310 1310 1310 1310 1310 1310 1310 1310 780 780 780 780
H (mm) 152 152 53 53 53 106 106 106 159 159 159 53 53 53 106
t (sec) 3600 10800 3600 10800 21600 3600 10800 21600 3600 10800 21600 3600 10800 21600 3600
d50 (mm) 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.46
b0 (mm) 76 76 26.6 26.6 26.6 26.6 26.6 26.6 26.6 26.6 26.6 26.6 26.6 26.6 26.6
lo (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R (mm) 19 19 6.65 6.65 6.65 6.65 6.65 6.65 6.65 6.65 6.65 6.65 6.65 6.65 6.65
Fo 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 3.9 3.9 3.9 3.9
Fr 1.5 1.5 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 1.5 1.5 1.5 1.5
P r e s e n t ,  F 0= 3 .9 ,  S q u a r e  *  2 6 .6  m m P r e s e n t ,  F 0= 4 .4 ,S q u a r e s 7 6 m m P i a n e  a s s y m p t o t i c
T E S T  G T E S T I T E S T  J R a j a r a t n a m  & M a c d o u g a l l  ( 1 9 8 3 )
xm (mm) 200 200 200 200 200 250 250 1067 1143 801.6 1524 1143 541 204 508
Em (mm) 29.59 32.41 31.77 28.54 60.16 73.5 82.95 137.2 153 101.2 191.4 165.2 89.2 26.7 74.9
h (mm) 37.13 34.74 28.8 30.5 0 0 0 0 0 0 0 0 0 0 0
L4 (mm) 425 450 475 475 0 0 0 0 0 0 0 0 0 0 0
w (mm) 133 147 123 137 240 275 370 0 0 0 0 0 0 0 0
L (mm) 340 345 360 365 480 530 710 0 0 0 0 0 0 0 0
L2 (mm) 225 225 225 250 250 300 300 0 0 0 0 0 0 0 0
w, (mm) 176 195 170 180 0 0 0 0 0 0 0 0 0 0 0
Lj(mm) 350 350 350 375 0 0 0 0 0 0 0 0 0 0 0
L, (mm) 495 495 540 550 0 0 0 0 0 0 0 0 0 0 0
V (mm3) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
U0 (mm/sec) 780 780 780 780 780 780 780 1660 2320 980 1710 1750 1060 550 950
H (mm) 106 106 159 159 119.7 119.7 119.7 33.3 33.3 33.3 33.3 12.7 12.7 12.7 12.7
t (sec) 10800 21600 3600 21600 960 3600 10800 21600 147600 147600 147600 147600 147600 147600 147600
dgo (mm) 2.46 2.46 2.46 2.46 2.46 2.46 2.46 2.38 2.38 2.38 2.38 1 1 1 1
b0 (mm) 26.6 26.6 26.6 26.6 76 76 76 33.3 33.3 33.3 33.3 12.7 12.7 12.7 12.7
l0 (mm) 0 0 0 0 0 0 0 310 310 310 310 310 310 310 310
R (mm) 6.65 6.65 6.65 6.65 19 19 19 15.035 15.035 15.035 15.035 6.100 6.100 6.100 6.100
Fo 3.9 3.9 3.9 3.9 4.4 4.4 4.4 8.48 11.88 5.02 8.78 13.69 8.32 4.3 7.44
Fr 1.5 1.5 1.5 1.5 1 1 1 2.71 6.57 1.71 2.99 4.96 3 1.56 2.69
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Data fo r Scaling Param eter (continued)
P l a n e  a s s y m p t o t i c F 0 =  4 .3 8 3 P l a n e  a s s y m p t o t i c
R a i a r a t n a m  & M a c d o u a a l l  ( 1 9 8 3 ) L im -A li's  ( 1 9 8 6 )  D a t a ,  S q u a r e  -  51 m m R a i a r a t n a m  ( 1 9 8 1 )
X m ( m m ) 330 660 533 584 0 0 0 0 0 0 0 0 0 152.439 143.293
Em (mm) 50.6 93 101.3 98.5 28.78 33.96 44.41 54.61 54.61 52.4 54.61 52.4 54.61 72.561 60.9756
h (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 68.2752 56.6928
L4 (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 414.528 350.52
w (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L2 (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w, (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L-3 (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L, (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
V (mm3) 0 0 0 0 313712 413552 770071 992043 1E+06 1E+06 1E+06 1E+06 1723973 0 0
U0 (mm/sec) 760 1270 2330 1960 510 510 510 510 510 510 510 510 510 1344.51 1109.76
H (mm) 12.7 12.7 6.4 6.4 80 80 80 80 80 80 80 80 80 380 380
t (sec) 147600 147600 147600 147600 364 604 1177 1702 2517 3395 5766 10988 22435 144000 234000
d50 (mm) 1 1 1 1 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 2.38 2.38
b0 (mm) 12.7 12.7 6.4 6.4 51 51 51 51 51 51 51 51 51 6.604 6.604
lo (mm) 310 310 310 310 0 0 0 0 0 0 0 0 0 310 310
R (mm) 6.100 6.100 3.135 3.135 12.75 12.75 12.75 12.75 12.75 12.75 12.75 12.75 12.75 3.233 3.233
Fo 5.95 10 18.32 15.4 4.383 4.383 4.383 4.383 4.383 4.383 4.383 4.383 4.383 6.9 5.69
F, 2.15 3.6 9.3 7.82 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 5.282 4.36003
P l a n e  a s s y m p t o t i c C ir. A s s v m p C i r c u l a r  a s s y m p t o t i c
R a j a r a t n a m  (1 9 8 1 ) C h ie w ( 1 9 9 6 ; L im ( 1 9 9 5 ) ,B /d 0= 6 6 .6 7
xm (mm) 237.8 106.68 176.78 128.02 57.912 128.02 152.4 158.5 152.4 152.4 134.11 405.4 0 0 0
Em (mm) 83.232 69.19 104.24 111.25 35.966 103.33 76.2 76.81 105.77 94.793 81.382 199.6 153.89 73 65
h (mm) 84.43 44.806 86.868 97.231 32.004 88.697 66.446 77.114 85.649 70.104 68.275 20.12 0 0 0
Li(miti) 579.12 344.42 527.3 573.02 192.02 530.35 381 435.86 518.16 463.3 411.48 1241 0 0 0
w (mm) 0 0 0 0 0 0 0 0 0 0 0 0 265.88 460 570
L (mm) 0 0 0 0 0 0 0 0 0 0 0 0 617.12 877 1156
L2 (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w, (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L3 (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L, (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
V (mm3) 0 0 0 0 0 0 0 0 0 0 0 0 0 9000000 1.3E+07
U0 (mm/sec) 865.85 1222.6 1795.7 1948.2 920.73 1792.7 1734.8 1341.5 2216.5 1948.2 1798.8 1308 3670 2826 4020
H (mm) 380 380 380 380 380 380 380 380 380 380 380 380 400 7.05 7.05
t (sec) 63000 79200 90000 57600 28800 230400 82800 82800 237600 90000 172800 75600 244800 280800 165600
d50 (mm) 2.38 1.2 1.2 1.2 1.2 1.2 2.38 2.38 2.38 2.38 2.38 2.38 0.25 1.65 1.65
b0 (mm) 24.892 3.556 3.556 3.556 3.556 3.556 3.556 6.604 3.556 3.556 3.556 24.89 12.7 15 15
l0 (mm) 310 310 310 310 310 310 310 310 310 310 310 310 0 0 0
R (mm) 11.521 1.758 1.758 1.758 1.758 1.758 1.758 3.233 1.758 1.758 1.758 11.521 3.175 3.75 3.75
Fo 4.43 8.82 12.76 14.06 6.65 12.94 8.89 6.87 11.36 9.98 9.22 6.71 57.7 17.29 24.6
F, 1.752 6.546 9.614 10.431 4.930 9.598 9.288 5.270 11.867 10.431 9.631 2.647 10.398 7.367 10.480
C i r c u la r  a s s y m p t o t i c C i r c u la r  a s s y m p t o t i c C i r c u la r  a s s y m p t o t i c
L im (1 9 9 5 ) ,  B /d 0= 6 6 .6 7 L im ( 1 9 9 5 ) ,  B / d „ =  1 0 L im ( 1 9 9 5 )  , B /d 0 =  5
X n , ( m m ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Em (mm) 48 21 30 61 64 51 13 37 29 30 30 57 65 56 46
h (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L4 (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w (mm) 260 100 160 280 515 320 0 170 145 125 110 170 190 0 0
L (mm) 400 100 215 500 620 430 0 412 330 170 376 480 560 660 537
L2 (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w, (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L3 (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L, (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
V (mm3) 2E+06 65000 375000 3E+06 4E+06 2E+06 0 700000 550000 300000 350000 5E+06 3980000 2500000 1750000
U0 (mm/sec) 1464 720 1012 2065 2410 1800 450 521 680 312 425 1053 1250 1250 1003
H (mm) 7.05 7.05 7.05 7.05 7.05 7.05 7.05 12.22 12.22 12.22 12.22 12.22 12.22 12.22 12.22
t (sec) 236412 86400 79200 170100 167688 92700 86400 350100 245268 252000 259380 3E+05 250812 199512 237888
d50 (mm) 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65
b0 (mm) 15 15 15 15 15 15 15 26 26 26 26 26 26 26 26
lo  (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R (mm) 3.75 3.75 3.75 3.75 3.75 3.75 3.75 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Fo 8.96 4.41 6.19 12.64 14.75 11.01 2.75 3.188 4.161 1.909 2.601 6.443 7.649 7.649 6.137
Fr 3.816 1.877 2.638 5.383 6.283 4.692 1.173 1.032 1.346 0.618 0.842 2.085 2.475 2.475 1.986
77
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Data fo r Scaling Param eter {continued!
C i r c u la r  a s s y m p t o t i c P l a n e  a s s y m p to t i c
L im (1 9 9 5 ) ,  B /d 0 =  5 A d e r ib ig b e  & R a j a r a t n a m  ( 1 9 9 8 )
Xm ( m m ) 0 0 0 1 4 0 1 9 0 2 3 0 8 0 1 4 0 1 4 0 2 4 0 1 8 0 1 1 0 1 4 0 1 9 0 2 2 0
Em ( m m ) 28 26 21 63 86 110 41.5 76 99.5 108.5 33 35.8 44.2 70.3 100
h  ( m m ) 0 0 0 69.8 119.5 144 38 73 88 125 60 32.5 44.8 67.5 90
L 4 ( m m ) 0 0 0 475 660 780 230 395 500 680 400 270 350 560 700
w  ( m m ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L  ( m m ) 410 365 180 327 420 500 165 268 340 440 270 200 233 337 420
L2 (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w, (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L3(mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L ,  ( m m ) 0 0 0 660 820 1000 295 505 655 855 600 530 550 715 900
V  (m m 3) 860000 750000 340000 0 0 0 0 0 0 0 0 0 0 0 0
U0 (mm/sec) 747 531 421 920 970 2190 1590 2360 2980 3860 1070 580 740 1090 1340
H (mm) 12.22 12.22 12.22 300 300 300 300 300 300 300 300 300 300 300 300
t (sec) 359388 255852 342900 18000 36000 144000 43200 39600 54000 180000 18000 54000 75600 86400 73800
d50 ( m m ) 1.65 1.65 1.65 6.75 6.75 6.75 6.75 6.75 6.75 6.75 6.75 1.15 1.15 1.15 1.15
b0 (mm) 26 26 26 14 14 14 5 5 5 5 25 14 14 14 14
lo (mm) 0 0 0 155 155 155 155 155 155 155 155 155 155 155 155
R (mm) 6.5 6.5 6.5 6.420 6.420 6.420 2.422 2.422 2.422 2.422 10.764 6.420 6.420 6.420 6.420
Fo 4.571 3.249 2.576 2.79 5.97 6.62 4.8 7.15 9.02 11.68 3.24 4.27 5.42 8.01 9.82
F r 1.479 1.051 0.834 2.483 2.617 5.909 7.179 10.656 13.455 17.429 2.161 1.565 1.997 2.941 3.616
P l a n e  a s s y m p t o t i c
A d e r ib ig b e  & R a i a r a t n a m  ( 1 9 9 8 )
Xm(mm) 230 80 125 120 220 150 170 180 200 180 110 200 160 190 120
£m (mm) 109.5 36 53.7 78.3 107.3 38.7 49.5 58.5 75.3 54 37.5 95 54 119 46
h (mm) 111.5 30.8 47 68.3 108 50.3 63 56.7 74.7 57 34.2 82.5 48.5 84.5 49
L4 (mm) 870 240 370 450 720 390 465 520 630 520 280 710 420 805 340
w (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L (mm) 527 150 220 265 410 260 295 335 365 320 210 415 265 475 202
L2(mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w, (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L3 (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L, (mm) 1080 285 470 600 915 480 595 650 810 660 430 930 515 1050 450
V (mm3) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
U0 (mm/sec) 1570 1080 1410 1760 2450 600 710 800 930 860 840 1570 1077 1680 1620
H (mm) 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300
t (sec) 79200 43200 61200 57600 144000 50400 82800 104400 93600 48600 72000 61200 57600 187200 55800
d50 (mm) 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.62 1.62 1.62 1.62 1.62 1.62
b0 (mm) 14 5 5 5 5 25 25 25 25 25 25 14 14 14 14
lo (mm) 155 155 155 155 155 155 155 155 155 155 155 155 155 155 155
R (mm) 6.420 2.422 2.422 2.422 2.422 10.764 10.764 10.764 10.764 10.764 10.764 6.420 6.420 6.420 6.420
Fo 11.51 7.93 10.35 12.88 17.96 4.41 5.18 5.89 6.81 5.33 5.19 9.69 6.65 10.35 10.01
F, 4.236 4.876 6.366 7.947 11.062 1.212 1.434 1.615 1.878 1.737 1.696 4.236 2.906 4.533 4.371
P l a n e  a s s y m p t o t i c C i r c u la r  a s s y m p t o t i c
A d e r ib ig b e  & R a i a r a t n a m  ( 1 9 9 8 ) F . A d e  & R a i a r a t n a m  (1 9 9 8 )
(mm) 150 190 190 130 588 407 509 506 521 240 355 370 550
Em (mm) 73.5 122 72.5 83.3 130.5 79 107.7 87.5 128.5 59.5 87 99 64.4
h (mm) 81.5 138 0 0 174.5 118.5 153 125 172.5 39 76.5 109 77.8
L4 (mm) 550 810 560 0 1381 949 1213 981 1328 650 1240 1590 1220
w  (mm) 0 0 0 0 647 350 470 389 583 207 486 716 453
L (mm) 293 467 355 325 1110 735 945 770 1050 512 940 1120 940
L2(mm) 0 0 0 0 780 540 640 500 700 340 685 880 830
w ,  (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0
L3(mm) 0 0 0 0 0 0 0 0 0 0 0 0 0
L, (mm) 690 1053 740 0 0 0 0 0 0 0 0 0 0
V (mm3) 0 0 0 0 0 0 0 0 0 0 0 0 0
Uo (mm/sec) 2510 4770 1340 2870 5400 2700 4200 3500 4700 2200 4000 5400 5100
H (mm) 300 300 300 300 620 620 620 620 620 19 19 19 14.25
t (sec) 79200 162000 64800 64800 338400 122400 302400 262800 788400 54000 43200 64800 72000
d50 (mm) 1.62 1.62 1.62 1.62 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2
b0 (mm) 5 5 14 5 25.4 25.4 25.4 25.4 25.4 25.4 25.4 25.4 19
lo (mm) 155 155 155 155 1092 1092 1092 1092 1092 1092 1092 1092 1092
R (mm) 2.422 2.422 6.420 2.422 12.411 12.411 12.411 12.411 12.411 12.411 12.411 12.411 9.338
Fo 15.5 29.46 8.3 17.71 15.91 8 12.39 10.19 13.83 6.29 11.73 15.79 14.82
Fr 11.333 21.538 3.616 12.959 10.818 5.409 8.414 7.012 9.416 4.407 8.013 10.818 11.813
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D ata fo r Scaling  P aram ete r (con tinued )
C i r c u l a r  a s s y m p t o t i c C i r c u l a r  a s s y m p t o t i c C i r c u l a r  a s s y m p t o t i c
F .  A d a  & R a j a r a t n a m  ( 1 9 9 8 ) R a j a r a t n a m  & B e r r y  ( 1 9 7 7 ) R a j a r a t n a m  &  D ie b e l  ( 1 9 8 1 ) ,  B /b 0 =  8 6
xm (mm) 360 430 520 365.85 457.32 457.32 512.2 176.8 210.3 268.2 313.9 85.3
Em (mm) 72 99.5 99.5 81.402 93.598 97.561 116.77 36.5 61.6 60.1 82.6 12.5
h (mm) 61.5 65 85.6 93.598 121.95 115.85 134.15 18.3 17.1 30.5 32.3 16.2
L4 (mm) 775 920 1170 807.93 957.32 957.32 1137.2 420.6 573 640 825 200
EE2 286 371 0 0 0 0 0 0 0 0 0 0
L (mm) 635 790 900 0 0 0 0 0 0 0 0 0
L2(mm) 480 530 0 0 0 0 0 0 0 0 0 0
w, (mm) 0 0 0 0 0 0 0 0 0 0 0 0
Lj(mm) 0 0 0 0 0 0 0 0 0 0 0 0
L, (mm) 0 0 0 0 0 0 0 0 0 0 0 0
V  ( m m 3 ) 0 0 0 0 0 0 0 0 0 0 0 0
U0 (mm/sec) 4300 4900 5500 1280.5 1509.1 1676.81 1814 1250 1630 1800 2320 580
H (mm) 620 620 620 610 610 610 610 22.6 24.1 43 42.7 25.6
t (sec) 259200 388800 669600 180000 180000 180000 180000 232600 232600 232600 232600 232600
d50 (mm) 0.24 0.24 0.24 1.4 1.4 1.4 1.4 1.05 1.05 1.05 1.05 1.05
bo (mm) 5 5 5 25.4 25.4 25.4 25.4 12.7 12.7 12.7 12.7 12.7
lo (mm) 1092 1092 1092 0 0 0 0 0 0 0 0 0
R (mm) 2.489 2.489 2.489 6.35 6.35 6.35 6.35 3.175 3.175 3.175 3.175 3.175
Fo 68.7 77.81 88.2 8.57 10.1 11.22 12.14 9.65 12.61 13.38 17.93 4.49
F, 19.416 22.125 24.834 2.565 3.023 3.359 3.634 3.541 4.618 5.100 6.573 1.643
C i r c u l a r  a s s y m p t o t i c C i r c u l a r  a s s y m p t o t i c
R a j a r a t n a m  & D ie b e l  ( 1 9 8 1 ) ,  B /b 0 =  8 6 R a j a r a t n a m  & D ie b e l  ( 1 9 8 1 ) ,  B /b 0 =  3  ~  3 .5 B /b „  -  1
x m ( m r n ) 240.8 201.2 140.2 85.3 85.3 146.3 222.5 54.9 192 161.5 100.5 298.7
£ „  ( m m ) 65.4 54.3 39.4 34.1 25.3 25.6 32 16.8 76.2 43.6 51.2 79.3
h  ( m m ) 22.3 15.2 10.6 19.1 14 15.2 13.1 14 11.3 14.7 14.9 0
l_4 ( m m ) 688.8 597.4 402.3 0 359.7 365.8 512.1 259.1 0 0 0 0
w  ( m m ) 0 0 0 0 0 0 0 0 0 0 0 0
L ( m m ) 0 0 0 0 0 0 0 0 0 0 0 0
L2 ( m m ) 0 0 0 0 0 0 0 0 0 0 0 0
w ,  ( m m ) 0 0 0 0 0 0 0 0 0 0 0 0
L3(mm) 0 0 0 0 0 0 0 0 0 0 0 0
L, ( m m ) 0 0 0 0 0 0 0 0 0 0 0 0
V (mm3) 0 0 0 0 0 0 0 0 0 0 0 0
U0 (mm/sec) 1790 1480 1290 1080 450 530 710 410 2130 1530 900 1410
H ( m m ) 10.2 10.2 2.5 2.5 22.3 23.5 29.3 22.2 31.7 32 6.7 16.5
t (sec) 232600 232600 232600 232600 232600 232600 232600 232600 232600 232600 232600 232600
d50 (mm) 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05
bo(mm) 12.7 12.7 12.7 12.7 25.4 25.4 25.4 25.4 12.7 12.7 25.4 25.4
lo (mm) 0 0 0 0 0 0 0 0 0 0 0 0
R (mm) 3.175 3.175 3.175 3.175 6.35 6.35 6.35 6.35 3.175 3.175 6.35 6.35
Fo 13.7 11.4 9.9 8.3 3.46 4.12 5.46 3.13 16.45 11.79 6.92 10.9
F, 5.071 4.193 3.655 3.060 0.901 1.062 1.422 0.821 6.035 4.335 1.803 2.825
Circular Time variation, Test 332
Raiaratnam & Berry (19771
xm (mm) 118.9 148.63 171.49 171.49 228.66 354.42 320.12 320.12 342.99 377.29 411.59 457.32
Em (rnm) 26.3 27.44 34.3 38.87 45.73 50.3 53.73 64.02 75.46 81.17 91.46 93.598
h (mm) 76.78 80.17 83.56 85.82 88.08 90.33 94.85 99.37 108.4 110.66 117.43 121.95
L4 (mm) 0 0 0 0 0 0 0 0 0 0 0 0
w(mm) 118.9 114.33 160.06 155.49 182.93 219.51 237.8 256.1 329.27 347.56 375 393.29
L (mm) 0 0 0 0 0 0 0 0 0 0 0 0
L2 (mm) 0 0 0 0 0 0 0 0 0 0 0 0
Wr (mm) 0 0 0 0 0 0 0 0 0 0 0 0
L3 (mm) 0 0 0 0 0 0 0 0 0 0 0 0
L, (mm) 0 0 0 0 0 0 0 0 0 0 0 0
V (mm3) 0 0 0 0 0 0 0 0 0 0 0 0
U0 (mm/sec) 1509.1 1509.1 1509.1 1509.1 1509.1 1509.1 1509.1 1509.1 1509.1 1509.1 1509.1 1509.1
H (mm) 610 610 610 610 610 610 610 610 610 610 610 610
t (sec) 15 30 60 120 250 500 1000 2000 18000 30000 90000 180000
d50 (mm) 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
b0(mm) 25.4 25.4 25.4 25.4 25.4 25.4 25.4 25.4 25.4 25.4 25.4 25.4
lo (mm) 0 0 0 0 0 0 0 0 0 0 0 0
R (mm) 6.35 6.35 6.35 6.35 6.35 6.35 6.35 6.35 6.35 6.35 6.35 6.35
Fo 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1
Fr 3.023 3.023 3.023 3.023 3.023 3.023 3.023 3.023 3.023 3.023 3.023 3.023
79
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Data for Mapping of Sand Deposition
72 HOURS
TESTA TEST A (REPEAT) TEST B
Retained Sand Wt.(gm)
Sieve No. mm Zone A Zone B Zone C Zone A Zone B Zone C Zone A Zone B Zone C
4 4.75 0 0 0.2 0 0 0.1 0 0 0
7 2.83 16.8 160.6 73.9 9.6 149 80.7 25 205.6 42.3
8 2.36 25.4 219.2 122.9 17.7 223.2 118.1 39.4 208.3 100
10 2 28.5 98.6 106.7 26 104 93.5 41 72.5 124
12 1.7 21.2 16.7 57.9 29.8 18.8 48 29.7 11.5 71.3
16 1.18 126.6 4.7 93.3 191.7 4.9 105.9 181.5 2.1 131.3
20 0.85 119.8 0.2 32.9 142 0.1 42.9 134.8 0 29.5
50 0.3 52.7 0 12.1 48.9 0 10.7 47.9 0 1.6
100 0.15 0.4 0 0.1 0.3 0 0.1 0.7 0 0
72 HOURS 48 HOURS
TEST B (REPEAT) TEST B
Retained Sand Wt.(gm)
Sieve No. mm Zone B Zone C Zone A Zone D
4 4.75 0.2 0 0 0
7 2.83 188.2 67.3 71.5 93.8
8 2.36 214.7 122.8 94.2 152.3
10 2 84.9 127.8 56.7 122.3
12 1.7 10.7 65.9 22.5 49.8
16 1.18 1.3 90 99.4 70.6
20 0.85 0 23.5 125.6 11.1
50 0.3 0 2.6 30 0.1
100 0.15 0 0.1 0.1 0
BED SAND
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DATA SHEET FOR SCOUR PROFILE - TEST A (1 hr.)
RUN STARTS: 11:16 P.M. OCT'15, 2003, RUN ENDS: 12:16 A.M. OCT'16, 2003
Y
x= ▼ 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
x= ▼ 400 375 350 325 300 275 250 225 200 175 150 125 100 65 50 25 0
50 Z ► 0 -8.92 -23.3 -26.2
X = T 400 375 350 325 300 275 250 225 200 175 150 125 85 75 50 25 0
100 z ► 0 -11.7 -27.7 -38 -41.9
X = ▼ 400 375 350 325 300 275 250 225 200 175 150 110 100 75 50 25 0
150 z ► 0 -7.97 -22.6 -43.7 -53.4 -57.6
x= ▼ 400 375 350 325 300 275 250 225 200 175 135 125 100 75 50 25 0
200 z ► 0 - 10.2 -23.1 -41.2 -57 -69.4 -71.7
x= T 400 375 350 325 300 275 250 225 200 160 150 125 100 75 50 25 0
250 z ► 0 -6.44 -22.7 -40.6 -57.1 -71.8 -79.6 -80.5
X = T 400 375 350 325 300 275 250 225 185 175 150 125 100 75 50 25 0
300 z ► 0 -5.72 -18.6 -38 -53.3 -71 -82.9 -89 -90.2
X = T 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
350 z ► 0 -14.3 -31.1 -48.3 -64.6 -77.8 -90.8 -96.8 -97
X = T 400 375 350 325 300 275 250 215 200 175 150 125 100 75 50 25 0
400 z ► 0 -6.67 -23.9 -40.5 -58.5 -69 -85.2 -98.2 -101 -101
X = T 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -15.4 -30.5 -48.7 -66.1 -80.9 -90.1 -98.2 -103 -104
X = ▼ 400 375 350 325 300 275 230 225 200 175 150 125 100 75 50 25 0
500 z ► 0 -3.22 -18.9 -34.1 -57 -71.9 -85 -93.1 -103 -104 -106
x= ▼ 400 375 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -6.73 -21.6 -40.5 -54.9 -69.9 -86.6 -92.9 -99.8 -104 -105
X = T 400 375 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -6.46 -22.6 -37.1 -53.2 -69.5 -81.8 -92.9 -98 -99.8 -100
X = T 400 375 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
650 z ► 0 -1.65 -21.3 -38.2 -50.4 -64.9 -80.1 -89.6 -92.4 -96.7 -97.1
X = T 400 375 350 325 300 255 245 225 200 175 150 125 100 75 50 25 0
700 z ► 0 11.2 4.53 -13.9 -28.9 -42.7 -58.2 -72.1 -82.4 -87.8 -91.3 -91.5
X = ▼ 400 375 350 325 300 270 245 225 200 175 150 125 100 75 50 25 0
750 z ► 0 15.93 8.14 -5.12 -24.6 -36.4 -51.9 -62.7 -73 -78.4 -81.3 -82.8►IIX 400 375 350 325 280 275 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 7.76 28.85 18.32 2.84 -16.6 -27.1 -41.7 -53.8 -65.3 -70.9 -71.2 -72.7
X = T 400 375 350 325 295 275 250 225 200 175 150 125 100 75 50 25 0
850 z ► 0 21.22 38.66 24.27 10.7 -2.95 -18.7 -31.9 -43.2 -51.4 -59.7 -60.1 -61.7
X = ▼ 400 375 350 315 300 275 250 225 200 175 150 125 100 75 50 25 0
900 z ► 0 14.85 37.56 51.27 36.61 21.56 8.83 -6.35 -18.7 -27.4 -36 -42.6 -45 -45.1
X = ▼ 400 375 330 325 300 275 250 225 200 175 150 125 100 75 50 25 0
950 z ► 0 6.15 30.46 48.56 63.76 52.33 40.34 21.91 9.16 -3.75 -14 -22.6 -25.3 -28.6 -30
X = T 400 375 345 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 20.57 39.54 58.68 77.51 68.8 53.36 39.26 27.61 16.31 3.33 -4.86 -8.66 -10.5 -10.5
x= ▼ 400 355 350 325 300 275 240 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 7.29 25.03 47.62 65.94 91.1 83.86 72.91 62.32 48.53 36.96 24.76 18.31 12.85 11.91 11.33
x= ▼ 400 360 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1100 z ► 0 9.36 28.5 49.26 70.36 91.87 105.5 95.52 85.05 73.85 63.07 52.93 45.12 39.5 39.44 39.13
x= ▼ 400 375 350 325 300 275 250 225 205 175 150 125 100 75 50 25 0
1150 z ► 0 27.57 43.33 64.56 83.7 107.2 116.1 106 99.81 89.54 77.21 71.82 65.98 63.99 63.85
x= ▼ 400 375 340 325 300 275 250 225 200 165 150 125 100 75 50 25 0
1200 z ► 0 19.41 39.46 57.2 72.59 86.25 105.5 131.7 128.4 124.9 117.5 109.3 105 105 104.7
x= ▼ 400 375 335 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1250 z ► 0 12.97 30.11 44.66 61.11 74.53 89.05 103.1 124.4 132.7 141.3 139.4 137.5 137.3 137
X II <4 400 375 350 315 300 275 250 225 200 175 150 125 100 75 50 25 0
1300 z ► 0 12.46 28.72 43.07 57.82 69.21 80.01 94.36 105.2 111.9 115.1 115.4 117.1 117.3
X = ▼ 400 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
1350 z ► 0 10.46 25.67 41.68 54.25 64.34 74.85 83.25 86.03 86.1 86.17 86.2
X = T 400 375 350 325 300 275 250 215 200 175 150 125 100 75 50 25 0
1400 z ► 0 9.53 20.56 29.26 36.91 44.11 49.97 52.56 54.16 54.17
X = ▼ 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1475 z ► 0
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_________ DATA SHEET FOR SCOUR PROFILE - TEST A (3 hrs.)_________
RUN STARTS: 4:20 P.M. OCT'14, 2003, RUN ENDS; 7:20 P.M. OCT'14, 2003
Y
x  = ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
x =  ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 60 50 25 0
50 z ► 0 -7.62 -23.3 -27.6
X= ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 85 75 50 25 0
100 z ► 0 -7.56 -27 -41 -49.2
x =  ▼ 425 400 375 350 325 300 275 250 225 200 175 150 110 100 75 50 25 0
150 z ► 0 -8.15 -25.2 -43.1 -58.2 -63.9
x  = ▼ 425 400 375 350 325 300 275 250 225 200 175 140 125 100 75 50 25 0
200 z ► 0 -7.73 -26.3 -43.6 -60.8 -71.4 -75.2
X= T 425 400 375 350 325 300 275 250 225 200 170 150 125 100 75 50 25 0
250 z ► 0 -9.85 -26 -42.2 -58.6 -74.2 -83.3 -84.5
X= T 425 400 375 350 325 300 275 250 225 190 175 150 125 100 75 50 25 0
300 z ► 0 -11 -25.7 -42.9 -59.9 -73 -83.9 -92.5 -94.4
X= ▼ 425 400 375 350 325 300 275 250 215 200 175 150 125 100 75 50 25 0
350 z ► 0 -8.91 -24.2 -38.5 -56.2 -69.3 -85.8 -94.9 -100 -102
X= ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
400 z ► 0 -15.9 -31.8 -49.3 -63.6 -79.3 -91.5 -99.8 -105 -106
X= ▼ 425 400 375 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -4.52 -22.6 -38.4 -56.2 -71.4 -86.6 -97.5 -104 -109 -110
X= ▼ 425 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
500 z ► 0 -13.9 -31.9 -46.2 -61.8 -80.8 -90 -100 -107 -110 -112
X = ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -14.7 -36.9 -49.4 -65 -81.8 -94.9 -101 -104 -110 -112
X = ▼ 425 400 375 350 325 300 255 250 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -1.06 -21.1 -38.1 -52.3 -67.1 -79.8 -95.3 -98.5 -105 -110 -110
X = Y 425 400 375 350 325 300 260 250 225 200 175 150 125 100 75 50 25 0
650 z ► 0 -2.76 -18.6 -38.5 -53.9 -66.7 -78.8 -87.9 -96.6 -102 -107 -108
X = ▼ 425 400 375 350 325 300 260 250 225 200 175 150 125 100 75 50 25 0
700 z ► 0 -3.62 -20.9 -37.2 -53.5 -63.7 -73.5 -82.1 -91.8 -98.2 -101 -101
X = T 425 400 375 350 325 280 270 250 225 200 175 150 125 100 75 50 25 0
750 z ► 0 9.64 0.1 -16.2 -31.5 -45.8 -59.7 -66.9 -74.8 -83.4 -91.1 -94.3 -94.9
X = T 425 400 375 350 325 300 280 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 20.9 3.64 -12.6 -28 -38 -49.4 -58.6 -67.5 -76.9 -82.1 -84.9 -86.4
X = T 425 400 375 350 315 300 280 250 225 200 175 150 125 100 75 50 25 0
850 z ► 0 18.3 29.4 13.4 -5.46 -14.3 -27.5 -44.7 -53.7 -59.6 -67 -71.4 -75.3 -75.7
X= ▼ 425 400 375 340 325 290 275 250 225 200 175 150 125 100 75 50 25 0
900 z ► 0 13.6 40.7 38.4 24.7 11.9 -3.66 -19 -26.5 -39.3 -47.2 -54.9 -57.7 -60.3 -61.9
X= ▼ 425 400 355 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
950 z ► 0 8.19 29.3 54.2 49.6 40.3 22.1 13.7 0.76 -13.6 -22.4 -32 -39.9 -46.4 -49 -49.3
X = T 425 400 370 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 20.9 41.8 69.3 66.8 56.3 43.9 30.5 17.8 6.15 -3.82 -10.5 -22.4 -26.8 -28.5 -28.9
X= ▼ 425 390 375 350 325 300 280 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 14.7 31.2 49.7 71.8 84.2 75.2 62.7 50 37.7 24.8 17.8 8.76 -0.23 -4.81 -9.93 -10.1
X = ▼ 425 395 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
1100 z ► 0 19.9 37.6 56.3 75.8 101 99 88.9 80.6 69.6 54.7 44.9 35.3 30.4 24.3 22.8 21.2
X = T 425 395 375 350 325 300 275 250 240 200 175 150 125 100 75 50 25 0
1150 z ► 0 14.7 37.5 57.7 77.6 97.2 111 114 108 98.4 86.7 76.2 69 62.7 54.3 54.3 53.7
X= ▼ 425 395 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1200 z ► 0 16.2 36.8 56.7 72.7 89.6 102 114 129 126 119 112 107 103 96.1 96 92.8
X = ▼ 425 395 375 350 325 300 275 250 225 200 175 155 125 100 75 50 25 0
1250 z ► 0 17.3 30.7 49.3 63.2 78.6 94.3 108 121 136 144 139 135 135 132 131 131
X = ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 85 50 25 0
1300 z ► 0 23 34.5 52.7 66.5 79.4 93.7 109 122 135 146 155 159 158 158 157
X = ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1350 z ► 0 15.4 30 45.6 61 71.9 83.5 93.2 105 117 125 134 135 135 137
X = T 425 400 375 350 310 300 275 250 225 200 175 150 125 100 75 50 25 0
1400 z ► 0 2.36 16.9 35.4 46 55.4 65.4 73.3 86.6 91.8 95.5 99.8 99.9 100
X = ▼ 425 400 375 350 325 300 270 250 225 200 175 150 125 100 75 50 25 0
1450 z ► 0 9.84 20.2 30.4 35.7 44.5 49.2 53.5 59.2 61.3 61.9 63.6
X = ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1480 z ► 0 4.55 16.3 24.9 31.1 34.5 39 39.6 41.5 42.1
X = T 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1540 z ► 0
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_________ DATA SHEET FOR SCOUR PROFILE ■ TEST A (6 hrs.)_________
RUN STARTS: 4:40 P.M. OCT'13, 2003, RUN ENDS: 10:40 P.M. OCT'13, 2003
Y
X= Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 z ► 0 -10 -12.5
x  = y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 60 50 25 0
50 z ► 0 -7.47 -21.8 -27.4
X= Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 85 75 50 25 0
100 z ► 0 -11.1 -27.9 -40.7 -46.1
X= Y 450 425 400 375 350 325 300 275 250 225 200 175 150 115 100 75 50 25 0
150 z ► 0 -11.6 -26.6 -45.8 -58.7 -63.2
X= Y 450 425 400 375 350 325 300 275 250 225 200 175 140 125 100 75 50 25 0
200 z ► 0 -10.3 -29.4 -46.9 -63.5 -75.6 -76.6
X= Y 450 425 400 375 350 325 300 275 250 225 200 170 150 125 100 75 50 25 0
250 z ► 0 -9 -28.4 -49.2 -64.4 -78.9 -85.5 -85.9
X= Y 450 425 400 375 350 325 300 275 250 225 190 175 150 125 100 75 50 25 0
300 z ► 0 -10.8 -32.4 -48.7 -63.4 -80 -90.4 -95.9 -96.2
X* T 450 425 400 375 350 325 300 275 250 210 200 175 150 125 100 75 50 25 0
350 z ► 0 -3.11 -22.4 -39.8 -56.9 -74.3 -90.3 -99 -103 -103
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
400 z ► 0 -17.8 -36.7 -52.5 -68.8 -85.4 -99 -105 -110 -110
X = Y 450 425 400 375 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -7.01 -25.1 -42.8 -62.3 -74.9 -91.9 -105 -110 -114 -115
X= ▼ 450 425 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
500 z ► 0 -14 -31.3 -49.2 -69.9 -85.5 -98.7 -109 -116 -119 -120
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -18.6 -37.1 -53.9 -70.8 -87.4 -99.6 -112 -116 -121 -122
X = Y 450 425 400 375 350 325 300 255 250 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -2.7 -21.3 -42.6 -56.3 -74.6 -89.5 -99.3 -109 -117 -121 -123
X = Y 450 425 400 375 350 325 300 260 250 225 200 175 150 125 100 75 50 25 0
650 z ► 0 -7.12 -21.3 -41 -58.1 -71.7 -89.3 -97.1 -108 -114 -121 -121
X* ▼ 450 425 400 375 350 325 300 260 250 225 200 175 150 125 100 75 50 25 0
700 z ► 0 -6.15 -23.8 -40.1 -57.4 -68.9 -83.2 -95.2 -105 -111 -114 -115
X = Y 450 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
750 z ► 0 11.7 -6.21 -21.6 -36 -51.1 -65.6 -77.8 -90.2 -98.4 -103 -109 -110
X s  Y 450 425 400 375 350 325 305 285 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 19.8 2.83 -13.8 -31.3 -45.6 -60.6 -68.4 -81.2 -90.2 -96.2 -103 -103
X = Y 450 425 400 375 350 320 300 285 250 225 200 175 150 125 100 75 50 25 0
850 z ► 0 23 30.9 11.1 -5.15 -21.4 -36.2 -51.3 -62.3 -71.9 -78.3 -85.3 -91.5 -91.6
X = Y 450 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
900 z ► 0 24.1 46.8 40.3 26 7.03 -8.95 -22.2 -37.8 -50.8 -60.7 -67.7 -76.1 -77.8 -78.2
X = Y 450 425 400 365 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
950 z ► 0 21.7 36.7 64.4 53.2 35.9 16.5 5.06 -10.6 -22.6 -37.7 -46.3 -56.5 -60.6 -66 -67.6
X = Y 450 425 385 375 350 325 295 275 250 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 14.9 33.7 56.9 76.2 67.4 52.5 40.3 22.1 6.13 -5.43 -17.8 -29.6 -39.4 -44.9 -50 -51.7
X = Y 450 425 400 375 350 325 300 290 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 20 44.6 62.3 81.5 85.2 68.8 54.2 39.8 25.8 16.2 -1.85 -12 -24 -26.5 -33.2 -36.3
X -  Y 450 410 400 375 350 325 300 280 250 225 200 175 150 125 100 75 50 25 0
1100 z ► 0 8.85 33.3 52.2 69.7 89.6 97.2 89.7 77.3 65.3 50.9 38.8 22.4 11.3 1.02 -4.9 -9.4 -9.84
X = Y 450 410 400 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
1150 z ► 0 10.6 31.9 52.2 69.9 88.8 111 107 95.4 88 76.5 65.2 49.6 37.9 24.7 20.7 13.4 13.2
X s Y 450 405 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
1200 z ► 0 5.39 29.8 46.9 64.7 87 103 120 122 113 105 93.2 83.5 71.6 65 58.1 48.6 46.6
X s  Y 450 425 395 375 350 325 300 275 250 225 205 175 150 125 100 75 50 25 0
1250 z ► 0 19.4 42.1 59.5 75.9 92 110 125 130 129 124 117 108 99.7 92.7 84.7 83.3
X = Y 450 425 385 375 350 325 300 275 250 225 200 160 150 125 100 75 50 25 0
1300 z ► 0 7.56 29.8 47.7 64.5 78.2 93 112 128 142 142 142 136 135 133 126 125
X = Y 450 425 400 360 350 325 300 275 250 225 200 175 150 125 100 80 50 25 0
1350 z ► 0 12.9 31.2 46 58.8 73.4 90.9 106 122 137 147 153 159 159 159 159
X* Y 450 425 400 375 340 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1400 z ► 0 11.7 27.4 38.6 54.6 64.9 82.2 96.9 107 119 124 134 138 139 140
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1450 z ► 0 15.1 27.9 40.7 54.4 62 71.7 84.3 89.9 97.7 101 102 103
X = Y 450 425 400 375 350 325 300 260 250 225 200 175 150 125 100 75 50 25 0
1500 z ► 0 4.45 17.2 28 38.1 48.2 52.6 57.9 62 65.6 66.2 66.3
X = Y 450 425 400 375 350 325 300 275 250 225 185 175 150 125 100 75 50 25 0
1550 z ► 0 4.2 11.9 15.4 19.7 24.4 24.9 25.4 26.6
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1600 z ► 0
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DATA SHEET FOR SCOUR PROFILE - TEST A (12 hrs.)_________
RUN STARTS: 12:24 P.M. OCT'12, 2003, RUN ENDS: 12:24 A.M. OCT’13, 2003
Y
X= Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 60 50 25 0
50 z ► 0 -11 -27.3 -29.8
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 85 75 50 25 0
100 z ► 0 -13.2 -33.8 -47.1 -52.6
X * T 450 425 400 375 350 325 300 275 250 225 200 175 150 115 100 75 50 25 0
150 z ► 0 -18.7 -34.3 -51 -64.7 -68
x =  y 450 425 400 375 350 325 300 275 250 225 200 175 145 125 100 75 50 25 0
200 z ► 0 -18.9 -37.2 -57.3 -74 -78.1 -81.3
X= Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
250 z ► 0 -20.7 -38.7 -56.1 -70.7 -83.2 -89 -89.7
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
300 z ► 0 -18.7 -34.5 -53.2 -71.9 -85.5 -96.4 -98.8 -102
X = Y 450 425 400 375 350 325 300 275 250 215 200 175 150 125 100 75 50 25 0
350 z ► 0 -13.6 -32.9 -49.1 -66.9 -81.3 -95.8 -102 -106 -106
X = Y 450 425 400 375 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
400 z ► 0 -7.65 -25.1 -42.4 -59.2 -76.6 -94.4 -103 -110 -115 -115
X = Y 450 425 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -15.3 -34.6 -50.9 -69.6 -86.5 -98.8 -110 -116 -118 -119
X » Y 450 425 400 375 350 325 300 255 250 225 200 175 150 125 100 75 50 25 0
500 z ► 0 -3.54 -24.2 -40.9 -59.9 -75.1 -91.8 -104 -113 -121 -123 -124
X = Y 450 425 400 375 350 325 300 260 250 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -7.85 -27.9 -43.1 -61.7 -79.6 -94.9 -106 -112 -120 -124 -125
X = Y 450 425 400 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
600 z ► 0 •9.93 -28.3 -46.3 -65.2 -81.1 -95.8 -108 -116 -121 -125 -126
X = Y 450 425 400 375 350 325 300 270 250 225 200 175 150 125 100 75 50 25 0
650 z ► 0 -12.8 -29.9 -46.6 -68 -80.2 -93.6 -106 -115 -121 -123 -124
X* Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
700 z ► 0 -14.1 -31.5 -47.7 -63.2 -80.3 -93.2 -103 -112 -116 -117 -120
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
750 z ► 0 -11.7 -29.2 -44.1 -61.2 -73.2 -89.2 -96.2 -106 -112 -113 -115
X = Y 450 425 400 375 350 320 290 275 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 18 8.06 -7.94 -28.4 -43.2 -56.3 -71.4 -81 -91.2 •98.6 -106 -107 -107
X = Y 450 425 400 375 340 325 300 275 250 225 200 175 150 125 100 75 50 25 0
850 z ► 0 11.8 30.1 15.9 -3.26 -19.5 -35.8 -51.6 -63.5 -73.6 -84.5 -94 -95.1 -100 -101
X « Y 450 425 400 360 350 325 305 275 250 225 200 175 150 125 100 75 50 25 0
900 z ► 0 9.96 31.7 43.4 25.1 7.36 -11.4 -25.3 -38.6 -53.5 -65.7 -75.3 -80.8 -85.1 -88.7 -89.8
X = Y 450 425 365 375 350 325 310 275 250 225 200 175 150 125 100 75 50 25 0
950 z ► 0 9.71 26.6 48.2 55.3 31.9 15.7 -2.76 -17.8 -32.2 -41.7 -53.1 -64.8 -70.7 -78.3 -79.5 -81
X = Y 450 425 400 375 350 315 300 275 250 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 19.5 43.5 68.6 60.3 48.3 30.2 15.4 -1.64 -16.2 -26.2 -36.5 -47.3 -54.7 -59.4 -62.8 -63.2
X = Y 450 410 400 375 350 310 300 275 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 10.4 26 50.8 78.5 74.4 59.8 45.6 31.3 13.7 0.8 -6.67 -19.5 -31.1 -39.8 -44.7 -49.4 -49.7
X -  Y 450 415 400 375 350 325 295 275 250 225 200 175 150 125 100 75 50 25 0
1100 z ► 0 11.7 35.5 54.7 70.9 89.1 82.4 69.8 54 39.9 26.5 11.7 3.3 -8.57 -15.1 -22.6 -27.2 -27.2
X = Y 450 420 400 375 350 325 300 285 250 225 200 175 150 125 100 75 50 25 0
1150 z ► 0 15.4 34.3 54.2 72 90 100 85.6 75.2 59.7 45.9 33.9 24.4 14.4 6.68 -0.54 -3.95 -4.35
X = Y 450 415 400 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
1200 z ► 0 13.8 34 51.5 71.7 88.9 112 108 101 88.1 72.6 58.9 50.5 39.6 32.2 26.4 24.2 24.1
X = Y 450 410 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
1250 z ► 0 7.86 30.1 49.5 67.1 86.7 104 122 120 111 99.5 89.6 77.6 65.4 58.3 54.7 51.8 51.7
X = Y 450 405 400 375 350 325 300 275 250 210 200 175 150 125 100 75 50 25 0
1300 z ► 0 1.06 20.1 42.4 61 77.3 93.6 115 141 137 123 123 114 107 101 97.8 94.4 93.1
X = Y 450 425 395 375 350 325 300 275 250 225 200 165 150 125 100 75 50 25 0
1350 z ► 0 13.5 28.2 49 67.9 82.3 101 121 137 154 151 145 140 135 132 132 131
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1400 z ► 0 19.2 35.7 49.9 68.8 87.3 103 116 129 137 152 163 162 162 162 161
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1450 z ► 0 14.3 31.6 48.6 65.2 83.3 92.5 101 110 116 123 133 138 139 140
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1500 z ► 0 12.5 28.5 40.5 57.3 66.2 74.2 85.4 90.8 96.8 103 109 110 110
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1550 z ► 0 14.5 26.8 36.4 47.9 55.5 63.2 67 72.1 74.1 74.6 76.7
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1600 z ► 0 6.94 19.6 24.9 29.4 35.1 37.5 40.8 41.0 44.5
X s Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1620 z ► 0 2.66 8.35 14.9 18.8 20.2 25.3 26.8 28.7
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1660 z ► 0
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_________ DATA SHEET FOR SCOUR PROFILE - TEST A (24 hrs.)_________
RUN STARTS: 1:48 A.M. OCT1Q, 2003, RUN ENDS: 1:48 A.M. OCT'11, 2003
Y
X B Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
X B Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
50 z ► 0 -22.8 -28.4
X B Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 80 75 50 25 0
100 z ► 0 -13.2 -28.8 -40.6 -50.1
X B  Y 450 425 400 375 350 325 300 275 250 225 200 175 150 115 100 75 50 25 0
150 z ► 0 -16.2 -31.8 -47.2 -60.4 -64.7
X B  Y 450 425 400 375 350 325 300 275 250 225 200 175 140 125 100 75 50 25 0
200 z ► 0 -14.1 -31.7 -50 -67.6 -76.5 -77.8
X = Y 450 425 400 375 350 325 300 275 250 225 200 165 150 125 100 75 50 25 0
250 z ► 0 -9.46 -30 -44.5 -65.5 -78.9 -86.9 -88.2
X = Y 450 425 400 375 350 325 300 275 250 225 190 175 150 125 100 75 50 25 0
300 z ► 0 -12.5 -25.9 -42.8 -62.1 -79.3 -91.6 -95.3 -96.3
X B Y 450 425 400 375 350 325 300 275 250 210 200 175 150 125 100 75 50 25 0
350 z ► 0 -5.64 -20 -39.4 -56.8 -74 -89.1 -99.6 -105 -106
X = Y 450 425 400 375 350 325 300 275 250 220 200 175 150 125 100 75 50 25 0
400 z ► 0 -14.4 -31.1 -48 -66.1 -81.8 -98.2 -108 -110 -113
X = Y 450 425 400 375 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -6.17 -24.3 -38.6 -55.2 -74.2 -90.7 -106 -116 -119 -119
X B Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
500 z ► 0 -13.5 -31.3 -48.2 -68 -82 -99.9 -113 -120 -121 -123
x =  v 450 425 400 375 350 325 300 260 250 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -4.86 -24.2 -42.5 -58.8 -73.6 -89.9 -106 -118 -125 -129 -130
X = ▼ 450 425 400 375 350 325 300 270 250 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -10.8 -27.4 -46.6 -64.3 -79.9 -98.5 -112 -121 -129 -131 -131
X =  T 450 425 400 375 350 325 280 275 250 225 200 175 150 125 100 75 50 25 0
650 z ► 0 -3.34 -15.8 -33.8 -50.3 -69.4 -84.9 -102 -113 -124 -128 -132 -133
X B  Y 450 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
700 z ► 0 -4.26 -11.5 -38.6 -56.4 -74.4 -90 -104 -112 -122 -125 -130 -131
x =  ▼ 450 425 400 375 350 325 295 275 250 225 200 175 150 125 100 75 50 25 0
750 z ► 0 -8.44 -26.4 -43.8 -64.7 -75.8 -91.6 -103 -112 -120 -125 -125 -126
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 -11.2 -26.6 -45.8 -62 -76.1 -88.4 -97.2 -107 -1125 -117 -121 -121
X B  Y 450 425 400 375 350 320 305 275 250 225 200 175 150 125 100 75 50 25 0
850 z ► 0 9.41 -8.9 -27.7 -48.1 -59.2 -70.2 -83.2 -90.8 -99 -106 -111 -114 -114
x » r 450 425 400 375 345 310 300 275 250 225 200 175 150 125 100 75 50 25 0
900 z ► 0 18.8 12.7 -2.37 -22.5 -39.4 -51.6 -64 -77.6 -84.6 -94.1 -97.9 -103 -106 -107
X B  Y 450 425 400 375 350 315 300 275 250 225 200 175 150 125 100 75 50 25 0
950 z ► 0 11.5 29.8 19.2 4.81 -14.9 -29.7 -44.3 -55.2 -64.8 -74.3 -84.7 -90.2 -91.7 •93.6 -93.9
X =  T 450 425 390 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 10.2 29.2 44.6 32.7 17.5 1.96 -14 -28.4 -37.5 -49.6 -63.4 -69.4 -75.3 -76.2 -80 -80.2
X * ▼ 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 17.6 37.6 56.4 43.5 30.4 16.3 -1.27 -12.4 -28.5 -40.5 -50.5 -58 -64.7 -67.5 -67.9 -68
X =  ▼ 450 415 400 375 350 320 300 275 250 225 200 175 150 125 100 75 50 25 0
1100 z ► 0 6.41 26.8 49 68.1 61.5 49.5 35.8 21 4.95 -5.4 -21.1 -30.2 -39.9 -47.3 -48.3 -52.9 -53.3
x= ▼ 450 425 400 375 350 315 300 275 250 225 200 175 150 125 100 75 50 25 0
1150 z ► 0 14.8 34.2 54 80.1 76.7 64.2 51.7 39 24.2 11.8 1.25 •9.85 -22.4 -29.3 -32.6 -34.8 -35.2
X B  Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1200 z ► 0 14.3 36.4 54.5 77 94 84.4 72.6 59 49.3 39.1 24.8 9.86 -0.05 -7.07 -10.9 -12.5 -12.6
X “ ▼ 450 430 400 375 350 325 300 285 250 225 200 175 150 125 100 75 50 25 0
1250 z ► 0 14.7 35.5 54.9 79.7 94.2 108 94.8 85.4 70.8 61.6 48 36.7 23 18.2 15.7 12.2 9.02
X B Y 450 430 400 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
1300 z ► 0 15.4 35.2 56.5 78.4 99.9 117 117 110 103 92.1 81.7 66.9 57.9 48.3 42 39 38.9
X B Y 450 430 400 375 350 325 300 275 240 225 200 175 150 125 100 75 50 25 0
1350 z ► 0 15.8 34.8 52.1 72.4 90.2 109 133 131 128 119 109 99.6 91 86.7 80 77.9 77.4
x= y 450 425 400 375 350 325 300 275 250 225 205 175 150 125 100 75 50 25 0
1400 z ► 0 11.8 29.6 50.4 68.2 80.7 95.3 111 130 142 142 139 135 130 124 121 119 117
X B  Y 450 415 400 375 350 325 300 275 250 225 200 175 160 125 100 75 50 25 0
1450 z ► 0 5.9 25.6 42.4 60.1 71.4 84.8 101 117 134 151 158 157 155 152 152 149 148
X *  Y 450 425 405 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1500 z ► 0 15.6 30.7 46.5 58 73.4 89.8 102 115 130 143 154 165 169 168 168 168
X B Y 450 425 400 370 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1550 z ► 0 7.9 26.5 40.3 54.6 68 81.9 94.1 105 113 124 130 135 136 140 142
X B Y 450 425 400 375 350 330 300 275 250 225 200 175 150 125 100 75 50 25 0
1600 z ► 0 11.4 25.7 38.4 51.5 65.9 76 85.7 92.4 96.8 103 103 105 107
X B Y 450 425 400 375 350 325 300 275 255 225 200 175 150 125 100 75 50 25 0
1650 z ► 0 18.6 31.5 39.7 51.5 57.5 66.5 73 77.4 78.5 81.1
X B Y 450 425 400 375 350 325 300 275 250 215 200 175 150 125 100 75 50 25 0
1700 z ► 0 3 12.3 21.4 23.9 30.3 38.6 41.1 46.4 47.4
X * Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1750 z ► 0 6.23 9.13 10.7 10.8
X B  Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1770 z ► 0
X B Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1850 z ►
X =  Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1900 z ►
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_________DATA SHEET FOR SCOUR PROFILE - TEST A (36 hrs.)________
RUN STARTS: 4:04 P.M. OCT'23. 2003, RUN ENDS: 4:04 A.M. OCr25. 2003
Y
X = Y 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
X = Y 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 65 50 25 0
50 z ► 0 -11.4 -22.2 -28.8
X = Y 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 85 75 50 25 0
100 z ► 0 -10.5 -27.5 -42 -48.2
X = Y 475 450 425 400 375 350 325 300 275 250 225 200 175 150 115 100 75 50 25 0
150 z ► 0 -15.4 -27.5 -45.1 -58.5 -61.9
X -  Y 475 450 425 400 375 350 325 300 275 250 225 200 175 140 125 100 75 50 25 0
200 z ► 0 -15.8 -30.3 -45 -60.7 -75.3 -75.8
X = Y 475 450 425 400 375 350 325 300 275 250 225 200 165 150 125 100 75 50 25 0
250 z ► 0 -13.1 -29.3 -44.8 -58.9 -76.1 -85.6 -88.8
X = Y 475 450 425 400 375 350 325 300 275 250 225 180 175 150 125 100 75 50 25 0
300 z ► 0 -9.17 -25.9 -42.6 -57.4 -73.4 -90.3 -96.6 -98.9
X = Y 475 450 425 400 375 350 325 300 275 250 205 200 175 150 125 100 75 50 25 0
350 z ► 0 -2.76 -20.9 -38.1 -50.6 -66,9 -84 -97.1 -104 -106
X = Y 475 450 425 400 375 350 325 300 275 250 215 200 175 150 125 100 75 50 25 0
400 z ► 0 -17.3 -31.7 -46.5 -63.3 -80.1 -94.7 -104 -111 -114
X = Y 475 450 425 400 375 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -7.53 -25.6 -45.1 -60.3 -76.1 -88.1 -103 -114 -116 -119
X = Y 475 450 425 400 375 350 325 300 255 250 225 200 175 150 125 1 0 0 75 50 25 0
500 z ► 0 -2.89 -18.4 -35.7 -53.6 -71 -87 - 9 9 .1 -108 -119 -125 -126
X = Y 475 450 425 400 375 350 325 300 270 250 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -9.66 -26.7 -44.6 -62.8 -79 -94.5 -105 -117 -123 -129 -130
X -  Y 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -17.6 -34 -52.1 -70.2 -82.6 -98.1 -111 -120 -127 -131 -133
X =Y 475 450 425 400 375 350 325 285 275 250 225 200 175 150 125 100 75 50 25 0
650 z ► 0 -7.85 -27.4 -44.1 -59.7 -76.8 -89.6 -102 -112 -122 -127 -131 -133
X s  Y 475 450 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
700 z ► 0 -10.8 -29 -48.2 -64.7 -81.8 -95.7 -105 -114 -123 -129 -131 -133
X = Y 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
750 z ► 0 -17 -34 -52.2 -70.3 -83.4 -97.3 -106 -117 -121 -127 -128 -129
X = Y 475 450 425 400 375 350 305 300 275 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 -2.46 -19.3 -39.2 -56.5 -69.7 -87.3 -97.4 -106 -115 -119 -123 -125 -126
X = Y 475 450 425 400 375 350 305 300 275 250 225 200 175 150 125 100 75 50 25 0
850 z ► 0 -3.83 -20.8 -39.9 -57.7 -71.9 -82.5 -90.8 -103 -109 -114 -116 -118 -119
X -  Y 475 450 425 400 375 350 320 300 275 250 225 200 175 150 125 100 75 50 25 0
900 z ► 0 10.85 -4.16 -20.1 -36.7 -52.9 -66.5 -76.6 -86.8 -93.9 -102 -106 -113 •113 -114
X = Y 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
950 z ► 0 13.22 20.94 5.75 -14.8 -30.7 -44.3 -59 -69.3 -78.8 -87.5 -93.3 -97.1 -101 -104 -104
X = Y 475 450 425 395 375 350 330 300 275 250 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 16.61 27.9 33.1 13.81 -2.82 -18 -32.3 -46.6 -58.1 -67.4 -72.7 -82.3 -86.2 -89.5 -91.8 -92.7
X = Y 475 450 410 400 375 350 330 300 275 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 11.9 30 40.73 45.75 23.41 3.52 -12.5 -27.3 -37.1 -47.6 -59 -66.5 -70.5 -76.5 -77.6 -79.6 -82.1
X = Y 475 450 425 400 375 340 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1100 z ► 0 23.86 42.58 59.56 53.05 35.53 21.73 4.3 -9.64 -22.6 -34.3 -45.1 -52 -57.2 -62.1 -66.2 -67.7 -68.1
X = Y 475 440 425 400 375 340 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1150 z ► 0 15.56 36.34 51.54 70.16 62.77 47.86 31.2 17.25 2.82 -7.85 -19.6 -29.3 -39.1 -41.7 -49.4 -51.1 -52.8 -52.9
X = Y 455 450 425 400 375 335 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1200 z ► 0 6.43 22.54 42.15 59.1 82.04 79,45 63.96 47.6 34.77 19.55 12.97 2.41 -8.82 -17.4 -24.4 -26.2 -31.2 -33,2 -33.5
X = Y 460 450 425 400 375 350 330 300 275 250 225 200 175 150 125 100 75 50 25 0
1250 z ► 0 8.41 25.63 46.76 66.77 82.75 92.02 79.9 64.25 51.05 38.42 26.95 16.32 9.3 -2.85 -7.86 -13.3 -13.5 -13.5 -13.7
X = Y 470 450 425 400 375 350 320 300 275 250 225 200 175 150 125 100 75 50 25 0
1300 z ► 0 12.47 30.31 48.9 67.51 89.47 105.9 96.72 85.96 74.71 64.45 51.46 41.4 32.35 24.25 17.72 15.66 10.95 9.98 9.48
X = Y 470 450 425 400 375 350 325 305 275 250 225 200 175 150 125 100 75 50 25 0
1350 z ► 0 11.94 32.94 50.95 68.83 87.45 106.1 116.2 106.6 96.46 86.35 74.97 64.91 57.25 49.48 41.44 37.97 36.25 35.63 34.63
X = Y 470 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1400 z ► 0 12.95 32.35 47.93 66.22 82.96 95.89 111.9 130.1 123.2 113.6 103.3 95.04 89.76 81.47 73.96 70.15 68.86 68.46 68.31
X = Y 475 450 425 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
1450 z ► 0 13.87 30.99 46.4 62.59 76.8 92.17 106.5 120.9 141.6 136.1 129 119.3 113.4 104.7 100.4 99.13 98.71 98.6 98.33
X = Y 465 450 425 400 375 350 325 300 275 250 225 205 175 150 125 100 75 50 25 0
1500 z ► 0 6.83 22.6 38.7 52.22 68.3 81.65 97.55 114.1 129.3 145.9 156.2 151.9 147 139.5 136.4 135.9 132.9 131.4 131
X = Y 475 445 425 400 375 350 325 300 275 250 225 200 175 140 125 100 75 50 25 0
1550 z ► 0 9.14 27.92 41.15 56.47 71.62 89.04 102.8 116.4 133.7 145.3 160.9 169.9 168.9 166.3 165,2 162.2 162 161.1
X = Y 475 450 420 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1600 z ► 0 8.76 24.73 39.29 61.03 70.86 85.08 94,14 108.3 119.5 131.8 143.3 154.3 163.7 167.6 171.3 171.7 171.8
X = Y 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1650 z ► 0 11.75 30.27 44.27 59.81 69.1 82.91 94.84 103.3 113.4 121.7 131.5 140.6 142.6 143 143.7
X = Y 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1700 z ► 0 11.38 22.8 38.9 48.7 58.02 67.59 78.41 85.73 91.44 100.9 105.2 106 106.1 106.2
X = Y 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1750 z ► 0 13.55 22.49 34.7 41.04 49.09 51.94 56.4 62.7 68.68 69.2 69.29
X -  Y 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1800 z ► 0 10.69 19.22 21.33 27.27 31.84 32.5 35.03
X = Y 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1850 z ► 0
X = Y 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1900 z ►
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________ DATA SHEET FOR SCOUR PROFILE - TEST A (48 hre.)________
RUN STARTS: 2:07 A.M. OCT'27. 2003, RUN ENDS: 2:07 A.M. OCT'29, 2003
Y
X  s  T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 2 ► 0 -10 -12.5
X  =  T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 70 50 25 0
50 Z ► 0 -9.52 -25.4 -29.8
X =  T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 105 100 75 50 25 0
100 Z ► 0 -3.04 •15.2 -30.3 -44 -50.5
X  = T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 130 125 100 75 50 25 0
150 Z ► 0 -3.58 -18.8 -32.6 -50.6 -62.5 -67.2
X  =  T 500 475 450 425 400 375 350 325 300 275 250 225 200 155 150 125 100 75 50 25 0
200 z ► 0 -6.32 -21.5 •33.8 -48.9 -66.5 -78.4 -80.4
X  =  ▼ 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
250 z ► 0 -20.6 -34.5 -51.9 -70.1 -81.1 -88.1 -88.5
X  =  ▼ 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
300 z ► 0 -18.4 -33.1 -47.4 -66 -81.7 -94.8 -96.7 -110
X =  ▼ 500 475 450 425 400 375 350 325 300 275 250 220 200 175 150 125 100 75 50 25 0
350 z ► 0 -15.5 -33.8 -48.5 -63.8 -78.5 -92.4 -102 -107 -107
X  =  ▼ 500 475 450 425 400 375 350 325 300 275 240 225 200 175 150 125 100 75 50 25 0
400 z ► 0 -11.1 -26.6 -43.5 -61.1 -75.5 -90.6 -102 -111 -114 -116
X  =  ▼ 500 475 450 425 400 375 350 325 300 255 250 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -3.87 -20.1 -39 -53.9 -68.2 -83.9 -98.2 -111 -117 -121 -122
X  -  ▼ 500 475 450 425 400 375 350 325 300 270 250 225 200 175 150 125 100 75 50 25 0
500 z ► 0 -12.8 -29.8 -46.9 -61.9 -77.2 -92.4 -107 -116 -121 -126 -126
X  =  ▼ 500 475 450 425 400 375 350 325 280 275 250 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -1.53 -20.2 -36.7 -52.5 -72.2 -87.8 -99.7 -110 -121 -127 -129 -130
X =  ▼ 500 475 450 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -11.9 -31.3 -46 -63.9 -81.2 -95.2 -106 -119 -127 -132 -134 -136
X  = T 500 475 450 425 400 375 350 325 295 275 250 225 200 175 150 125 100 75 50 25 0
650 z ► 0 -16.2 -34.1 -54.9 -71.1 -86.2 -102 -111 -120 -128 -131 -134 -136
X  = T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
700 z ► 0 -22.9 -43 -61.1 - 7 7 -90.6 -105 -114 -124 -131 -132 -135 -136
X =  ▼ 500 475 450 425 400 375 350 310 300 275 250 225 200 175 150 125 100 75 50 25 0
750 z ► 0 -10.1 -25.9 -46.9 -66 -81.9 -96.4 -107 -116 -123 -127 -134 -135 -135
X =  T 500 475 450 425 400 375 350 320 300 275 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 -14.9 -34 -50.6 -67 -84.7 -96.7 -107 -114 -122 -127 -130 -131 -132
X  s  T 500 475 450 425 400 375 360 325 300 275 250 225 200 175 150 125 100 75 50 25 0
850 z ► 0 3.72 -18.3 -37.7 -54 -70.3 -83.2 -93.4 -104 -110 -119 -122 -127 -127 -127
X  =  ▼ 500 475 450 425 405 375 335 325 300 275 250 225 200 175 150 125 100 75 50 25 0
900 z ► 0 6.32 12.6 5.63 -15.2 -32.7 -49 -62.8 -78.2 -87.8 -96 -105 -111 -116 -118 -119 -120
X  = T 500 475 450 425 400 375 340 325 300 275 250 225 200 175 150 125 100 75 50 25 0
950 z ► 0 6.81 13.7 20.5 9.95 -8.41 -25.4 -41,8 -54,7 -71.6 -82.8 -89.5 -96.6 -103 -108 -112 -112 -112
X  = T 500 475 445 425 400 375 345 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 10.9 18.4 23.4 32.3 17.1 2.86 -15.5 -30.8 -45.5 -58.5 -71.2 -78.3 •87.2 -91.9 •98 •99.4 -102 -102
X =  ▼ 500 455 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 6.02 17.8 27.3 35.9 41.3 28.3 9.73 -5.5 -19.8 -35.3 -47.8 -60.1 •68.6 -78.3 -82.7 -84 •89.8 -90.8 -91.9
X  =  T 500 470 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1100 z ► 0 14.9 25.9 36.5 45.8 52.8 39 23.4 8.35 -7.43 -22.4 -33.9 -45.2 -53.5 -63.8 -69.6 -74.4 -75.9 -76.5 -76.5
X  =  ▼ 500 475 450 425 400 375 355 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1150 z ► 0 19.6 36.1 46.4 56.4 63.6 49.9 34.3 20 2.13 -8.26 -19 -33.1 -44.2 -52.1 -59.2 -62.5 -63 -64.3 -64.4
X  =  ▼ 480 475 450 425 400 375 355 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1200 z ► 0 3.6 25.5 44.6 57.4 68.1 78.2 63.6 50.4 38.4 23.4 13.7 -2.85 -13.5 -23.3 -31.6 -36.7 -42.8 -43.7 -45 -45
X  =  T 490 475 450 425 400 375 340 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1250 z ► 0 7.02 28.4 48.5 61.9 74.2 86.3 78 66.6 55 41.7 31.2 18.7 5.21 -4.35 -13.3 -20.4 -23.7 -29.2 -30.5 -30.6
X  =  ▼ 490 475 450 425 400 375 350 330 300 275 250 225 200 175 150 125 100 75 50 25 0
1300 z ► 0 10.5 31 47.7 65.4 82.4 90.8 98.3 86 76.8 61.7 51.3 38.1 27.8 16.4 5.57 -1.06 -3.72 -7.92 -9.34 -9.5
X  -  ▼ 490 475 450 425 400 375 350 315 300 275 250 225 200 175 150 125 100 75 50 25 0
1350 z ► 0 7.82 27.7 47.1 66.2 82.4 98.3 113 105 99.4 88.4 74.8 63.8 53.5 42.3 31.3 21.8 18.3 15.9 15 14.5
X  =  T 485 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1400 z ► 0 6.33 25.5 42.9 64.3 85.4 98.9 115 127 122 113 103 93.5 66.8 75 63.1 52.9 48.2 45,6 44.6 44.6
X  =  ▼ 480 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1450 z ► 0 1.68 20.8 42.2 62.4 80.5 95.2 112 128 139 136 128 122 113 105 95.4 69.9 82.4 78.8 77.8 77.6
X = ▼ 500 465 450 425 400 375 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
1500 z ► 0 16.7 38.3 55.3 70.6 85.4 103 121 139 158 155 151 145 140 133 128 124 121 120 119
X  s  T 500 455 450 425 400 375 350 325 300 275 250 225 200 190 150 125 100 75 50 25 0
1550 z ► 0 8.79 29.6 47.1 62.1 77.4 95.1 107 126 141 156 170 171 166 160 159 155 154 153 152
X  =  ▼ 500 475 450 430 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1600 z ► 0 11.6 33.8 49.6 67 80 96.5 110 123 142 151 156 178 185 183 180 180 179
X  =  ▼ 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1650 z ► 0 20 37.2 51.4 65.3 79.8 94.9 111 122 135 147 157 166 173 175 176 176
X  =  T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1700 z ► 0 6.43 25.7 40.3 56.5 72.8 85.8 97.7 108 119 123 130 136 139 141 141
X  =  T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1750 z ► 0 20.7 29.7 39.7 54 6 5 . 6 75.5 86.1 92.3 96.7 101 104 108 110
X  =  w 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1800 z ► 0 8.75 18,7 26.5 34 40.6 47.9 53.9 58.3 62.2 65.7 68.1
X  =  ▼ 500 475 450 425 400 375 350 325 300 275 250 225 190 175 150 125 100 75 50 25 0
1850 z ► 0 9.69 19.8 26.9 31.8 34.9 37.5 38.5 40.7
X  =  ▼ 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1890 z ► 0
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_________DATA SHEET FOR SCOUR PROFILE - TEST A (72 hrs.)_________
RUN STARTS: 10:33 P.M. JAN'29, 2004, RUN ENDS: 10:33 P.M. FEB'01, 2004
Y
X  =  T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
X =  T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
50 z ► 0 -13.3 -24 -24.2
X  =  T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 105 100 75 50 25 0
100 z ► 0 -6.81 -17.6 -32.6 -41.7 -42.1
X =  T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 130 125 100 75 50 25 0
150 z ► 0 -8,54 •21.6 -35.2 -48.9 -57.1 -61
X  =  T 500 475 450 425 400 375 350 325 300 275 250 225 200 155 150 125 100 75 50 25 0
200 z ► 0 -8.94 -21.9 -34.6 -47.6 -61.1 -71 -74.9
X  =  T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
250 z ► 0 -20.7 -34.3 -45.2 -60.1 -74.7 -83.4 -86
X  =  T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
300 z ► 0 -20.5 -32.8 -46.4 -60.3 -73.6 -87.4 -95.1 -98.7
X  = T 500 475 450 425 400 375 350 325 300 275 250 215 200 175 150 125 100 75 50 25 0
350 z ► 0 -14.9 -31.8 -43.6 -57.8 -69 -84.1 -95.6 -102 -107
X= T 500 475 450 425 400 375 350 325 300 275 230 225 200 175 150 125 100 75 50 25 0
400 z ► 0 -10.3 -25.7 -41 -56.6 -69.4 -83.8 -94.2 -107 -111 -113
X= T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -23.4 -33.8 -47.8 -64.2 -76.9 -90.2 -103 -113 -118 -119
X= ▼ 500 475 450 425 400 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
500 z ► 0 -16.5 -29.6 -44.1 -57.2 -76.5 -84.5 -101 -111 -117 -122 -123
x =  ▼ 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -19.8 -34.3 -54.4 -68.8 -85.1 -97.9 -107 -117 -122 -125 -126
X= ▼ 500 475 450 425 400 375 350 325 285 275 250 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -13.9 -28.9 -45.1 -63.9 -78.4 -92.7 -104 -114 -121 -127 -129 -130
X  = T 500 475 450 425 400 375 350 325 295 275 250 225 200 175 150 125 100 75 50 25 0
650 z ► 0 -19.9 -35.5 -53.8 -70.7 -87.9 -98.6 -109 -119 -125 -127 -130 -131
X  = T 500 475 450 425 400 375 350 325 300 270 250 225 200 175 150 125 100 75 50 25 0
700 z ► 0 -28.2 -45 -63.1 -79.2 •93.8 -106 -115 -121 -125 -131 -132 -133
X  = T 500 475 450 425 400 375 350 315 300 275 250 225 200 175 150 125 100 75 50 25 0
750 z ► 0 -18.4 -34.1 -51.7 -65.7 -81.2 -95.6 -106 -117 -122 -127 -130 -133 -133
X  =  ▼ 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 -25 -40.8 -55.2 - 6 8 .2 -83 -95.8 -106 -111 -118 -122 -128 -128 -131
X  =  ▼ 500 475 450 415 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
850 z ► 0 0.28 1.55 1 .6 - 3 .3 -21.6 -37.9 -51.3 -67.5 -80.1 -91.3 -100 -106 -114 -119 -123 -127 -128
X  =  ▼ 500 475 440 425 400 370 345 325 300 275 240 225 200 175 150 125 100 75 50 25 0
900 z ► 0 2.02 6,11 11.3 7.25 0.3 -15.1 -32.7 -48 -62.7 -72.8 -84.1 -94.3 •99.3 -107 -109 -115 -120 -120
x =  ▼ 500 475 450 425 400 375 360 325 300 275 250 225 200 175 150 125 100 75 50 25 0
950 z ► 0 5.67 10.1 17.2 18.3 2.67 -9.97 -27,9 -41 -53.1 -67.7 -77.1 -85.6 -92.3 -101 -105 -108 -112 -115
X  s  T 500 460 450 425 400 375 350 325 300 275 250 2 2 5 200 175 150 125 100 75 50 25 0
1000 z ► 0 1.08 10.4 18.1 19,1 22.1 8.51 -3.52 -17.9 - 3 3 .3 -41.6 -53.7 -66.4 -72.5 -82.6 -88.1 -95.6 -97.3 -102 •104
x =  ▼ 500 465 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 5.83 14.5 18.5 24.6 30.9 19.8 1.85 -11.2 -21.9 -35.9 -45.8 -54.7 -62.3 -75.7 -82.1 -84.7 -89.9 -93.3 •98.6
X  = T 500 470 450 425 400 375 345 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1100 z ► 0 9.64 20.8 24.5 28.9 37.7 28.4 16.4 5.26 -7.57 -19.3 -29.7 -38.8 -49.4 -61.6 -67.9 -71.6 -79.3 -80.7 -82.2
X  -  ▼ 500 475 450 425 400 375 340 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1150 z ► 0 10.8 25.9 33.4 39.9 48.1 41.7 29.1 15.9 7.91 -2.47 -17.8 -27 -36.6 -45.6 -53.9 -62,1 -66.5 -68.7 -69.5
X  = T 485 475 450 425 400 375 340 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1200 z ► 0 4.51 11.9 31.2 44.5 54.9 63.1 56.7 47.7 40 28.4 15.8 5.83 -4.86 -14.2 -22.2 -34.1 •42.8 -49.4 -52.1 -53.7
X  =  T 490 475 450 425 400 375 350 330 300 275 250 225 200 175 150 125 100 75 50 25 0
1250 z ► 0 5.02 13.9 35.3 51 62.7 69.6 75.1 65.4 57 43.7 35.6 27 13.2 2.46 •8.68 -17.2 -25.4 -31 -36.2 -37 7
X= T 495 475 450 425 400 375 350 315 300 275 250 225 200 175 150 125 100 75 50 2 5 0
1300 z ► 0 6.12 14.8 36.3 53.1 67.6 82.8 90.6 86.7 77.5 69 60.5 54 38.7 28.8 16 6.93 -0.16 -6 -11.8 -12
X  = T 495 475 450 425 400 375 350 325 295 275 250 225 200 175 150 125 100 7 5 50 25 0
1350 z ► 0 5.95 14 35.1 53.2 65.2 82.2 95.7 104 98.8 93.6 83.9 74.8 6 2 . 6 49.3 41.8 29.7 22 15.3 13,5 13.2
X  =  ▼ 490 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1400 z ► 0 5.13 14.9 34.2 52.8 67.6 86.4 99.6 113 119 114 111 105 91.6 82 72.1 63.5 56.4 49.9 44.5 43 9
X  = T 485 475 450 425 400 375 350 325 300 275 240 225 200 175 150 125 100 75 50 25 0
1450 z ► 0 4.13 12.4 29.8 47.6 61.8 78.2 97.9 115 128 134 132 129 118 110 104 91.7 88 81.6 80.2 75.3
X  = ▼ 500 470 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1500 z ► 0 8.97 25.1 40.2 54.7 68.9 83.7 102 119 136 144 154 153 144 139 131 124 120 120 115
X  =  T 500 465 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1550 z ► 0 6.84 20.9 33 42.2 60.3 78.3 95.3 113 125 136 148 155 167 170 166 163 160 158 158
X  = T 500 475 440 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1600 z ► 0 12.1 26.6 37.6 57.8 75.2 89.5 109 119 128 140 149 161 165 173 176 181 180 179
X  = T 500 475 450 410 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1650 z ► 0 9.97 24.3 45.8 62.2 77.5 91.2 106 116 128 138 148 156 164 169 172 174 175
X  = T 500 475 450 425 380 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1700 z ► 0 5.14 20.2 37.1 51.5 68.9 85.1 97.3 106 112 117 121 126 131 136 141 143
X  = ▼ 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1 7 5 0 z ► 0 1 1 .1 22.3 36.1 4 6 53.2 60.6 69.6 79.5 87.7 92.4 97.3 110 1 1 1
X  =  T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1800 z ► 0 10.3 28.4 40.1 46.8 51.6 53 59.9 65.6 68.2 69 71.1
X  =  T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1850 z ► 0 3.38 11.6 14.5 19.9 27.5 34.9 39 40.9
X  «  T 500 475 450 '425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1890 z ► 0
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____________ DATA SHEET FOR SCOUR PROFILE ■ TEST B (1 hr.)____________
RUN STARTS: 10:54 A.M. NQV'01, 2003, RUN ENDS: 11:54 A.M. NOVQ1, 2003
Y
X = T 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
X = T 375 350 325 300 275 250 225 200 175 150 125 100 65 50 25 0
50 Z ► 0 -8.56 -23.3 -25
X = ▼ 375 350 325 300 275 250 225 200 175 150 125 90 75 50 25 0
100 z ► 0 -13 -26.6 -39 -45.1
x= ▼ 375 350 325 300 275 250 225 200 175 150 115 100 75 50 25 0
150 z ► 0 -11.8 -28.6 -43.5 -54.8 -61
X = ▼ 375 350 325 300 275 250 225 200 175 145 125 100 75 50 25 0
200 z ► 0 -12.5 -30 -45.6 -63 -73.2 -75.7
X = T 375 350 325 300 275 250 225 200 165 150 125 100 75 50 25 0
250 z ► 0 -10.5 -27.5 -44.2 -59.1 -73.2 -82.4 -82.9
X = T 375 350 325 300 275 250 225 190 175 150 125 100 75 50 25 0
300 z ► 0 -11.2 -21.6 -42.7 -60.2 -74 -85.1 -90.4 -91
X = ▼ 375 350 325 300 275 250 205 200 175 150 125 100 75 50 25 0
350 z ► 0 -1.31 -17.4 -34.1 -51.8 -68.8 -83.2 -92.2 -95.7 -97.7
X = T 375 350 325 300 275 250 220 200 175 150 125 100 75 50 25 0
400 z ► 0 -10.7 -27.5 -42.4 -59.4 -78.5 -92.5 -99.1 -101 -103
X = ▼ 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -16.1 -33.5 -48.4 -64.7 -79.1 -90.4 -97.2 -105 -106
X = T 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
500 z ► 0 -18.2 -37.2 -53.8 -71.3 -83.3 -92.7 -100 -103 -104
X= T 375 350 325 300 275 230 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -5.66 -22.4 -37.2 -53.3 -68.7 -81.6 -89.1 -98.2 -101 -102
X= ▼ 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -18.6 -35.8 -50.3 -67.9 -77.3 -86.5 -94 -99 -99.5
X= T 375 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
650 z ► 0 2.73 -13 -31.2 -46 -58.7 -72.4 -83.4 -88.5 -89.6 -90.7
X= ▼ 375 350 325 300 255 235 225 200 175 150 125 100 75 50 25 0
700 z ► 0 12 10.6 -4.01 -18.9 -38.5 -52.1 -63 -73.3 -80.9 -82.8 -83
x= ▼ 375 350 325 300 270 240 225 200 175 150 125 100 75 50 25 0
750 z ► 0 26.4 20.6 4.85 -13.9 -28.5 -42.8 -56.2 -67.2 -72.3 -74.8 -75.7
X= ▼ 375 350 325 285 275 240 225 200 175 150 125 100 75 50 25 0
800 z ► 0 11.7 36.6 31.1 16.3 0.67 -11.8 -26.9 -42.3 -54.9 -59.8 -62.7 -65.7
X = ▼ 375 350 325 300 275 250 235 200 175 150 125 100 75 50 25 0
850 z ► 0 24.8 40 46.6 31.1 13.3 -0.16 -13.9 -28.1 -40.6 -48.1 -53.2 -54
X = ▼ 375 350 310 300 275 250 235 200 175 150 125 100 75 50 25 0
900 z ► 0 9.51 34 53.3 61.7 46.4 31.5 13.6 3.36 -10.8 -23.1 -29.3 -32.3 -32.7
X = T 375 350 320 300 275 250 230 200 175 150 125 100 75 50 25 0
950 z ► 0 18.9 41.6 59.3 73.4 61.3 47.5 34.5 21 8.96 1.15 -7.56 -12.2 -12.9
X = T 375 335 325 300 275 250 215 200 175 150 125 100 75 50 25 0
1000 z ► 0 11.9 28.1 48.2 62.6 87.6 81.2 67.7 55.4 43.2 34.3 24.9 17.1 14.5 11.5
X = ▼ 375 340 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 14.5 33.8 49.6 64.1 83.5 99.7 89.2 77.3 66.2 55.2 47.8 38.7 34.3 30.1
x= ▼ 375 340 325 300 275 250 225 200 180 150 125 100 75 50 25 0
1100 z ► 0 13.7 31.9 47.8 65.7 82.2 103 117 106 94.4 86.3 78.9 72.7 67.8 65
X = ▼ 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1150 z ► 0 26.5 45.5 60.3 79.9 96.2 115 132 124 117 111 105 102 101
x= ▼ 375 350 310 300 275 250 225 200 175 150 125 100 75 50 25 0
1200 z ► 0 14.4 30.8 50.7 65.9 82 98 114 126 138 143 142 139 138
x= ▼ 375 350 325 290 275 250 225 200 175 150 130 100 75 50 25 0
1250 z ► 0 15.6 35.1 49.3 66.4 81.2 96.3 102 109 114 122 128 130
X = T 375 350 325 300 275 250 225 200 175 150 125 90 75 50 25 0
1300 z ► 0 19.4 36.1 49.8 62.6 72.3 77.6 87.8 90.5 90.7 91.1
X = T 375 350 325 300 275 250 205 200 175 150 125 100 75 50 25 0
1350 z ► 0 7.83 21.9 30.3 40.5 45.5 48.9 52.9 57.2 57.3
X = ▼ 375 350 325 300 275 250 225 190 175 150 125 100 75 50 25 0
1415 z ► 0
89
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
__________ DATA SHEET FOR SCOUR PROFILE - TEST B (3 hrs.)__________
RUN STARTS: 2:56 P.M. QCT'30, 2003, RUN ENDS: 5:56 P.M. QCT'30, 2003
Y
X = ▼ 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
x =  ▼ 400 375 350 325 300 275 250 225 200 175 150 125 100 65 50 25 0
50 z ► 0 -14.3 -24 -25.3
X = T 400 375 350 325 300 275 250 225 200 175 150 125 95 75 50 25 0
100 z ► 0 -15.6 -31.1 -39 -44
X = T 400 375 350 325 300 275 250 225 200 175 150 120 100 75 50 25 0
150 z ► 0 -14 -30.2 -45.9 -57.3 -60.8
X= ▼ 400 375 350 325 300 275 250 225 200 175 140 125 100 75 50 25 0
200 z ► 0 -15.7 -32.1 -46.3 -61.9 -72 -72.4
X = T 400 375 350 325 300 275 250 225 200 165 150 125 100 75 50 25 0
250 z ► 0 -16.1 -30.1 -44.6 -60.8 -75.5 -81.8 -82.5
X = ▼ 400 375 350 325 300 275 250 225 190 175 150 125 100 75 50 25 0
300 z ► 0 -13.5 -28 -43.8 -59.2 -77.3 -84.5 -89.1 -90
X = T 400 375 350 325 300 275 250 210 200 175 150 125 100 75 50 25 0
350 z ► 0 -5.15 -23 -39.1 -54.1 -69.8 -85.3 -93.6 -97.3 -97.4
X= ▼ 400 375 350 325 300 275 250 220 200 175 150 125 100 75 50 25 0
400 z ► 0 -13 -30.8 -49.3 -65.2 -82.3 -94.5 -101 -104 -105
x =  ▼ 400 375 350 325 300 275 230 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -4.35 -22.6 -39.3 -58.9 -73.9 -86.5 -98.7 -105 -107 -108
X = T 400 375 350 325 300 275 240 225 200 175 150 125 100 75 50 25 0
500 z ► 0 -9.31 -27.1 -43.6 -65.9 -79.3 -91.9 -101 -105 -109 -110
X= T 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -13.7 -30.6 -47.8 -65.6 -81.5 -96.1 -101 -109 -111 -112
X = T 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -15.2 -30.1 -49.3 -67.2 -79.1 -91 -99.7 -108 -110 -111
x =  ▼ 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
650 z ► 0 -14.9 -31.2 -48.5 -62.2 -72.2 -87.9 -96.3 -101 -104 -105
X = T 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
700 z ► 0 -11 -26.3 -41.8 -58.3 -67.1 -78.2 -90 -92.8 -98.6 -99
X= ▼ 400 375 350 325 300 270 250 225 200 175 150 125 100 75 50 25 0
750 z ► 0 7.62 -4 -20.2 -33.4 -48.3 -59.3 -67.7 -82.1 -84.4 -89.7 -91.3
X = T 400 375 350 325 285 275 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 5.36 16.23 6.26 -9.16 -21.4 -35.3 -50.4 -60.5 -68.6 -74.5 -78.1 -80.1
X= ▼ 400 375 350 325 295 275 245 225 200 175 150 125 100 75 50 25 0
850 z ► 0 17.81 31.16 20.95 6.21 -8.85 -24.5 -35.1 -47.6 -57.4 -63.4 -69.5 -70.2
X= T 400 375 350 310 300 275 245 225 200 175 150 125 100 75 50 25 0
900 z ► 0 8.47 31.12 45.64 37.65 22.56 10.85 -4.3 -19.1 -31 -41.5 -50.9 -54 -54.3
X = T 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
950 z ► 0 22.16 43.23 54.36 54.02 41.27 27.63 13.35 1.22 -12.8 -23.2 -30.5 -37 -41.1
X= ▼ 400 375 340 325 300 275 235 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 13.66 32.85 50.21 77.4 73.82 61.66 49.44 36.66 20.93 10.4 -0.46 -7.73 -15.9 -16.7
X = T 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 19.92 41.1 62.43 81.76 92.85 81.34 70.85 57.16 42.61 31.44 19.16 12.03 8.82 5.91
X = T 400 360 350 325 300 275 250 215 200 175 150 125 100 75 50 25 0
1100 z ► 0 10.16 27.22 47.94 68.51 83.17 106.1 105.7 95.27 84.56 73.3 60.82 50.22 43.66 35.14 34.32
x =  ▼ 400 365 350 325 300 275 250 225 185 175 150 125 100 75 50 25 0
1150 z ► 0 10.96 31.75 47.15 65.72 80.96 98.25 124.2 116 108.7 101.2 89.97 81.86 75.71 70.31 65.72
X = ▼ 400 360 350 325 300 275 250 225 200 175 155 125 100 75 50 25 0
1200 z ► 0 8.42 25.76 45.21 60.87 77.82 94.21 111.5 128.4 138.2 134.8 125.7 120 116.7 113.4 108.9
X = T 400 375 340 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1250 z ► 0 16.53 33.16 51.27 68.62 87.4 100.7 119 135.5 148.6 147.4 142.4 140.8 139.7 139.4
X = T 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1300 z ► 0 19.74 36.36 52.12 65.64 79.7 95.04 109.8 118.8 125.8 130.5 134.7 135.7 138.9
X = T 400 375 350 325 295 275 250 225 200 175 150 125 100 75 50 25 0
1350 z ► 0 19.57 34.95 47.75 59.46 73.51 83.25 90.99 98.62 101.8 105.9 107 108.8
X= ▼ 400 375 350 325 300 255 250 225 200 175 150 125 100 75 50 25 0
1400 z ► 0 5.61 18.77 27.99 41.01 53.15 60.8 66.98 71.37 72.96 76.46 77.69
X = T 400 375 350 325 300 275 250 225 190 175 150 125 100 75 50 25 0
1450 z ► 0 16.34 22.22 30.55 39.02 43.65 45.21 45.64 46.51
X= ▼ 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1510 z ► 0
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__________ DATA SHEET FOR SCOUR PROFILE - TEST B (6 hrs.)__________
RUN STARTS: 6:23 P.M. OCT'31, 2003, RUN ENDS: 12:23 A.M. NQV'01, 2003
Y
X = Y 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
X = ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 65 50 25 0
50 z ► 0 -9.78 -21.9 -24.6
X = ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 90 75 50 25 0
100 z ► 0 -12.3 -30.4 -39.7 -44
X = ▼ 425 400 375 350 325 300 275 250 225 200 175 150 120 100 75 50 25 0
150 z ► 0 -15.9 -32.2 -46.4 -58.1 -60.7
X = ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
200 z ► 0 -17.4 -32.6 -50.2 -62.9 -72.4 -73.5
X= ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
250 z ► 0 -20.9 -38.4 -50.4 -65.4 -78 -83.3 -84.8
X = ▼ 425 400 375 350 325 300 275 250 225 195 175 150 125 100 75 50 25 0
300 z ► 0 -19.5 -33.2 -52 -66.3 -81 -89.2 -95.7 -94.7
X= ▼ 425 400 375 350 325 300 275 250 215 200 175 150 125 100 75 50 25 0
350 z ► 0 -9.86 -29.2 -44.6 -60.6 -75.1 -90.1 -97.9 -101 -102
X = ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
400 z ► 0 -17.2 -37.9 -55.1 -71.6 -88.6 -99.1 -104 -106 -107
X= ▼ 425 400 375 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -7.16 -27.6 -43.2 -63.1 -78.3 -92.1 -104 -110 -112 -112
X = ▼ 425 400 375 350 325 300 275 240 225 200 175 150 125 100 75 50 25 0
500 z ► 0 -16.6 -32.9 -50.4 -70 -84.4 -98.3 -106 -113 -114 -116
x= ▼ 425 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -18.9 -35.8 -53.6 -73.9 -87.9 -100 -109 -115 -117 -119
X =  ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -20.8 -37.9 -52.4 -72.2 -85.2 -104 -109 -113 -117 -119
X =  T 425 400 375 350 325 300 255 250 225 200 175 150 125 100 75 50 25 0
650 z ► 0 -5 -20.6 -37.7 -57.1 -73.6 -86.5 -101 -108 -115 -115 -116►II>< 425 400 375 350 325 300 255 250 225 200 175 150 125 100 75 50 25 0
700 z ► 0 -2.77 -19.9 -35.4 -54.7 -69.3 -82.3 -95.2 -103 -107 -111 -112
X =  ▼ 425 400 375 350 325 300 270 260 225 200 175 150 125 100 75 50 25 0
750 z ► 0 7.86 -14.7 -32 -47.6 -64.9 -75.5 -88 -99.8 -103 -105 -106
X =  T 425 400 375 350 325 290 265 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 13.9 8.6 -6.46 -26.4 -41.5 -53.9 -64.8 -79.1 -86.7 -91.2 -96.2 -98.5
X =  ▼ 425 400 375 350 325 305 265 250 250 200 175 150 125 100 75 50 25 0
850 z ► 0 24.2 15.9 0.02 -15 -33.1 -45.7 -57.1 -69.9 -77.2 -82.9 -86.2 -89.2
X= ▼ 425 400 375 350 315 300 265 250 225 200 175 150 125 100 75 50 25 0
900 z ► 0 14 37.7 27.5 12.8 -1.11 -17.9 -32 -43 -52.9 -64.9 -70.8 -73.1 -73.7
X= ▼ 425 400 375 330 325 300 265 250 225 200 175 150 125 100 75 50 25 0
950 z ► 0 8.26 28.9 49.2 41.3 27.2 12.3 -1.54 -18.8 -31.5 -42.4 -48.8 -58.1 -60.5 -60.7
X= ▼ 425 400 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 19.5 43.3 62.9 58.5 43.9 28.7 13.5 0.96 -12.3 -24.4 -33.2 -37 -42.3 -45.4
x =  ▼ 425 400 360 350 325 300 260 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 9.19 34.3 55.6 75.1 72.1 62 46.3 31 19.8 3.75 -5.95 -11.7 -21.7 -24.6 -29.1
X=Y 425 400 375 350 325 300 275 255 225 200 175 150 125 100 75 50 25 0
1100 z ► 0 19.2 38.4 63.7 88.8 93.4 84.6 70.7 56 42.8 30.4 19.5 10.5 5.17 -0.37 -0.57
X =  ▼ 425 380 375 350 325 300 275 240 225 200 175 150 125 100 75 50 25 0
1150 z ► 0 1.18 20.9 42.1 67 87.8 107 102 90.9 78.6 68 53.2 43.5 34.8 27.5 24.7 24.1
x =  ▼ 425 385 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1200 z ► 0 2.66 19.3 43.6 68.8 89.6 108 121 117 105 98.3 86.6 76.5 68 61.6 58.8 58.3
X =  T 425 385 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1250 z ► 0 6.19 23.2 40.3 63.3 82.5 104 125 138 132 128 118 110 104 95.8 93.6 92.9
X = ▼ 425 380 375 350 325 300 275 250 225 200 175 155 125 100 75 50 25 0
1300 z ► 0 3.45 19.1 34.9 52.6 74.2 91.8 109 126 144 151 148 142 138 134 130 130
X = ▼ 425 400 360 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1350 z ► 0 5.61 23.6 44.6 63.9 77.8 92.8 108 129 141 154 154 155 154 154 153
X =  ▼ 425 400 375 330 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1400 z ► 0 5.7 29.3 46.6 59.7 72.6 82.9 95.2 108 122 132 137 137 138 138
X = T 425 400 375 350 305 300 275 250 225 200 175 150 125 100 75 50 25 0
1450 z ► 0 6.36 25.9 42.4 51.4 63.1 70.8 82 91.1 99.7 103 108 108 109
X = ▼ 425 400 375 350 325 300 260 250 225 200 175 150 125 100 75 50 25 0
1500 z ► O 8.95 2 0 . 2 3 0 36 46.7 52.4 58.4 67.6 69.8 73.1 75.4
x= ▼ 425 400 375 350 325 300 275 250 225 200 165 150 125 100 75 50 25 0
1550 z ► 0 13.1 24.7 30.4 28.8 34.6 35.7 36.4
X =  T 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1600 z ► 0
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_________ DATA SHEET FOR SCOUR PROFILE ■ TEST B (12 hrs.)_________
RUN STARTS: 6:30 P.M. NOVQ1, 2003, RUN ENDS: 6:30 A.M. NQV'02, 2003
Y
X = ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
x =  ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 65 50 25 0
50 z ► 0 -8.24 -20.7 -24.9
X= ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 95 75 50 25 0
100 z ► 0 -14.1 -27 -39.1 -43.1
X = T 425 400 375 350 325 300 275 250 225 200 175 130 125 100 75 50 25 0
150 z ► 0 -3.62 -20.1 -34.6 -48.9 -61.9 -64.9
X= ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
200 z ► 0 -23 -41.2 -55.3 -67.6 -76.5 -77
X= ▼ 425 400 375 350 325 300 275 250 225 185 175 150 125 100 75 50 25 0
250 z ► 0 -8.33 -26.7 -38.9 -57 -71.9 -82.4 -88.1 -88.4►II>< 425 400 375 350 325 300 275 250 205 200 175 150 125 100 75 50 25 0
300 z ► 0 -3.35 -24.2 -40.2 -55.6 -71.9 -86.8 -97.5 -98.2 -98.4
X = ▼ 425 400 375 350 325 300 275 250 220 200 175 150 125 100 75 50 25 0
350 z ► 0 -15.2 -34.1 -53.4 -70.4 -82.6 -96.7 -103 -106 -107
X = ▼ 425 400 375 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
400 z ► 0 -9 -29.9 -43.9 -60.5 -76.6 -91.8 -103 -110 -114 -115
X= ▼ 425 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -15.1 -37 -49.1 -68.4 -82.2 -98.7 -111 -116 -120 -120
X = T 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
500 z ► 0 -20.9 -41 -57.8 -74.7 -91.1 -104 -113 -120 -121 -123
X =  V 425 400 375 350 325 300 260 250 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -7.91 -26.2 -43.9 -61.7 -83.2 -96.6 -108 -116 -123 -125 -125
X = T 425 400 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -10.8 -28.1 -46.2 -65.7 -83 -97.4 -109 -113 -119 -123 -124
X = T 425 400 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
650 z ► 0 -12.5 -29.7 -49 -66.2 -83.1 -94.2 -107 -110 -114 -119 -122
X =  ▼ 425 400 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
700 z ► 0 -10.7 -27.6 -44.3 -60.5 -75.5 -90.2 -99.1 -108 -112 -117 -118
X= ▼ 425 400 375 350 325 290 270 250 225 200 175 150 125 100 75 50 25 0
750 z ► 0 7.34 -5.92 -23.8 -40.2 -53.4 -65.6 -83 -92.8 -102 -106 -108 -111
X = T 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 17 1.21 -14.8 -30.6 -45.9 -57.6 -71.5 -81.1 -90.7 -100 -101 -101►II 425 400 375 350 315 280 280 250 225 200 175 150 125 100 75 50 25 0
850 z ► 0 13.6 25.6 12.7 -7.77 -22 -35.5 -50.7 -62 -72.3 -80.1 -88.5 -90.2 -92.1
X = ▼ 425 400 375 335 325 300 280 250 225 200 175 150 125 100 75 50 25 0
900 z ► 0 8.79 28.1 38.5 24.2 5.75 -8.86 -21.9 -38.2 -49.1 -60.3 -67 -74.2 -79.1 -80.4
X= T 425 400 375 345 325 300 280 250 225 200 175 150 125 100 75 50 25 0
950 z ► 0 19.4 40.7 48.6 31.8 18.6 3.25 -10.3 -24.5 -37.5 -47.1 -55.1 -64.8 -68 -70
X = V 425 400 360 350 325 300 280 250 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 10.1 34.8 53.1 63 47.5 35.1 21.3 8.64 -4.85 -18.2 -28.7 -38.9 -44.2 -51.4 -52.9
X= ▼ 425 400 370 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 20 47 66.4 74.5 62.4 48 37 23 10.1 -1.2 -14.3 -25.2 -30.9 -35.3 -37.1
X = ▼ 425 390 375 350 325 300 270 250 225 200 175 150 125 100 75 50 25 0
1100 z ► 0 12 30.9 57 73.7 90.8 83.5 74 62.2 50.2 33.7 21.5 10.3 2.74 -4.61 -8.7 -10.5
X = T 425 395 375 350 325 300 275 260 225 200 175 150 125 100 75 50 25 0
1150 z ► 0 17 36.2 55.1 77.7 96.3 104 92.3 82.3 71.2 57.7 43.4 32.7 25.5 19 11.3 11.3
X = T 425 400 375 350 325 300 275 250 230 200 175 150 125 100 75 50 25 0
1200 z ► 0 18.8 35.9 54.1 70.6 95.6 112 122 113 106 94.8 84.6 75.5 65.7 54 48.2 48.1
X = ▼ 425 395 375 350 325 300 275 250 225 210 175 150 125 100 75 50 25 0
1250 z ► 0 19.1 38.5 52.5 70.1 91.4 108 125 134 124 119 111 102 93.4 86.6 83.5 81.7
X= T 425 390 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1300 z ► 0 11.4 32.5 49.4 64.5 83.1 96.6 112 130 148 145 140 138 134 129 126 123
X= ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1350 z ► 0 23.6 42.3 56 71.7 88 100 116 136 149 160 159 157 157 156 154
X = ▼ 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1400 z ► 0 23.2 38.8 56.7 67.8 79.3 95.8 108 120 131 142 149 155 158 158
X = T 425 400 375 330 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1450 z ► 0 6.43 23.9 37.7 51.3 63.3 76.7 88.2 95.4 102 110 114 120 127 131
X = T 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
1500 z ► 0 9.83 24.4 31.9 43.8 55.4 60.6 67.4 73.3 79.2 82.7 83.2 83.4
x =  ▼ 425 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
1550 z ► 0 6.45 14.8 27.8 34.8 38.9 45.7 49.1 49.5 51.2 53
X =  V 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1620 z ► 0
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________ DATA SHEET FOR SCOUR PROFILE - TEST B (24 hrs.)_________
RUN STARTS: 4:52 P.M. NOVQ2, 2003, RUN ENDS: 4:52 P.M. NQV03, 2003
Y
x = y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
x  = y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 65 50 25 0
50 z ► 0 -7.23 -21.5 -25
x  = y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 90 75 50 25 0
100 z ► 0 -10.5 -25 -41.6 -46
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 120 100 75 50 25 0
150 z ► 0 -15.3 -30 -45 -62.2 -66
X =  Y 450 425 400 375 350 325 300 275 250 225 200 175 145 125 100 75 50 25 0
200 z ► 0 -19.4 -36.5 -47.8 -66.6 -76.6 -79.8
X =  Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
250 z ► 0 -19 -34.3 -51.5 -66.9 -80.7 -87.7 -88.5
X = Y 450 425 400 375 350 325 300 275 250 225 195 175 150 125 100 75 50 25 0
300 z ► 0 -16.9 -32.8 -50 -66.2 -83.2 -94.2 -97 -99.3
X = ▼ 450 425 400 375 350 325 300 275 250 215 200 175 150 125 100 75 50 25 0
350 z ► 0 -12.2 -29.9 -47.2 -65.4 -79.6 -96.2 -104 -109 -109
X = Y 450 425 400 375 350 325 300 275 230 225 200 175 150 125 100 75 50 25 0
400 z ► 0 -6.63 -23.5 -42.9 -60.5 -78.5 -91.9 -105 -1126 -119 -119
X =  ▼ 450 425 400 375 350 325 300 275 240 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -15.2 -31.9 -52.3 -66.4 -88.4 -104 -113 -121 -124 -124
X a Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
500 z ► 0 -24 -40 -57.4 -76.5 -93.3 -108 -120 -127 -130 -131
X B Y 450 425 400 375 350 325 300 255 250 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -6.65 -27.7 -44.1 -62.9 -81 -97.9 -112 -120 -128 -132 -133
X = Y 450 425 400 375 350 325 300 260 250 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -12.2 -27.6 -44.7 -67.2 -86.5 -102 -115 -123 -130 -134 -135
X =  Y 450 425 400 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
650 z ► 0 -14.6 -32.1 -51.3 -67.7 -87 -103 -116 -120 •128 -133 -134
X = Y 450 425 400 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
700 z ► 0 -15.8 -34 -52.7 -67.2 -85.9 -99.5 -111 -118 -123 -126 -126
X = Y 450 425 400 375 350 325 300 270 250 225 200 175 150 125 100 75 50 25 0
750 z ► 0 -13.4 -33.4 -52.9 -68.6 -79.3 -93.7 -104 -114 -120 -122 -123
X =  Y 450 425 400 375 350 325 305 280 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 9.44 -9.05 -29.6 -47.7 -58.2 -73.8 -87 -97.6 -106 -112 -114 -115
X =  Y 450 425 400 375 350 325 300 280 250 225 200 175 150 125 100 75 50 25 0
850 z ► 0 10.6 16.3 -5.86 -23.4 -38.3 -54.2 -66.7 -81.3 -91 -98.4 -105 -108 -108
X -  Y 450 425 400 375 340 325 300 280 250 225 200 175 150 125 100 75 50 25 0
900 z ► 0 6.87 20.8 25.8 -1.66 -13 -27.2 -43.8 -56.9 -70.9 -80.5 -87.8 -92.6 -95.7 -96.8
X = Y 450 425 400 355 350 325 300 285 250 225 200 175 150 125 100 75 50 25 0
950 z ► 0 1.25 20.2 32 36.3 13.1 -3.35 -18.7 -34.3 -47 -55.6 -67.8 -78.8 -82.3 -84.7 -85.7
X * Y 450 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 16.4 35.1 48 40.2 24.7 9.82 -4.3 -20 -29.2 -42.7 -52.3 -63.5 -69.3 -75.3 -75.8
X s Y 450 425 385 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 8.25 27.8 45.6 61.3 53.1 37.9 24.1 11.8 -6.2 -16.7 -28.3 -40.4 -51 -59.2 -61 -61.2
X = Y 450 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
1100 z ► 0 15.2 38.8 59.2 72.2 70.9 58.7 43.8 31.3 15.5 8.76 -7.94 -16.9 -31 -39.4 -39.7 -40.4
X -  Y 450 410 400 375 350 325 300 280 250 225 200 175 150 125 100 75 50 25 0
1150 z ► 0 4.26 21.9 42.1 58.7 78.9 85.3 76 64.4 49.5 35.6 23.9 11.3 -0.28 -12.6 -18.1 -20.9 -25.8
X = Y 450 415 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1200 z ► 0 8.47 26.4 47.3 65.3 80.2 98.5 95.7 85.4 72.1 59.9 45.3 33 23.4 16.8 7.58 5.77 0.08
X = Y 450 410 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1250 z ► 0 5.95 24.9 44.6 69.1 86.7 104 113 107 97.6 82.4 72.2 59.9 50.2 41.9 35.2 27 24.8
X =  Y 450 410 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1300 z ► 0 5.54 28.6 45 66 86.7 105 122 129 121 112 104 92.4 81.8 74.4 68.7 62.9 61.5
X =  Y 450 410 400 375 350 325 300 275 250 225 205 175 150 125 100 75 50 25 0
1350 z ► 0 6.19 27.4 44.1 62.9 82.7 105 121 139 145 137 130 123 113 105 101 96 95.8
X =  Y 450 425 400 375 350 325 300 275 250 225 200 165 150 125 100 75 50 25 0
1400 z ► 0 20.8 36.6 52.8 74.9 93.1 108 127 142 160 156 154 151 145 139 138 137
X a Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1450 z ► 0 23.4 42.2 63.9 81.9 95.8 107 128 141 154 165.8; 171 170 170 170 168
X =  Y 450 425 400 365 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1500 z ► 0 10.1 33.4 46 59.8 70.7 86.3 102 117 126 132 142 150 156 160 161
X =  Y 450 425 400 375 345 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1550 z ► 0 17.3 30.5 46.4 51.5 68.6 80.6 92.7 95.8 105 115 121 128 128 128
X =  Y 450 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
1600 z ► 0 17.2 27.2 36.1 46.9 60.2 65.9 72.2 82.6 89.9 94.3 97.2 98.9
X *  Y 450 425 400 375 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
1650 z ► 0 5.71 18.4 28.5 39.8 47.4 53.3 55.2 56.6 59.4 62.3
X *  Y 450 425 400 375 350 325 300 275 250 225 200 165 150 125 100 75 50 25 0
1700 z ► 0 5.66 8.91 13.3 19.5 23.3 25.3 27.5
X *  Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1740 z ► 0
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DATA SHEET FOR SCOUR PROFILE - TEST B (48 hrs.)________
RUN STARTS: 9:56 P.M. NQV'05, 2003, RUN ENDS: 9:56 P.M. NQV'07, 2003
Y
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
X *  Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 65 50 25 0
50 z ► 0 -7.8 -20.2 -26.4
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 90 75 50 25 0
100 z ► 0 -11.2 -26.2 -38.9 -47.6
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 120 100 75 50 25 0
150 z ► 0 -16.5 -32.9 -46.8 -60.6 -65.6
X -  Y 450 425 400 375 350 325 300 275 250 225 200 155 150 125 100 75 50 25 0
200 z ► 0 -7.67 -23.1 -38.6 -53.3 -67.9 -76.3 -79.1
X -  T 450 425 400 375 350 325 300 275 250 225 180 175 150 125 100 75 50 25 0
250 z ► 0 -8.87 -25.1 -39.6 -54.2 -67.6 -80.9 -89.5 -89.9
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
300 z ► 0 -19 •37.6 -53.5 -69.4 -82.7 -96.1 -103 -103
X = Y 450 425 400 375 350 325 300 275 250 220 200 175 150 125 100 75 50 25 0
350 z ► 0 -19.5 -35.3 -51.1 -67.9 -84.6 -95.7 -107 -112 -113
X = Y 450 425 400 375 350 325 300 275 240 225 200 175 150 125 100 75 50 25 0
400 z ► 0 -14.1 -30.9 -47.7 -64.7 -81.7 -95.6 -110 -117 -122 -122
X = Y 450 425 400 375 350 325 300 275 255 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -20.1 -39.4 -56.3 -73.3 -89.4 -106 -114 -123 -127 -129
X = Y 450 425 400 375 350 325 300 270 250 225 200 175 150 125 100 75 50 25 0
500 z ► 0 -17.9 -33 -47.5 -64.8 -79.5 -98 -114 -124 -129 -133 -136
X = T 450 425 400 375 350 325 280 275 250 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -4.66 -21.9 -37.8 -55.1 -70.9 -86.7 -102 -118 -125 -132 -136 -138
X -  Y 450 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -14.2 -28.4 -43.6 -58.7 -76.8 -94.3 -107 -121 -131 -136 -138 -141
X = Y 450 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
650 z ► 0 -16.2 -28.9 -43.8 -58.7 -76.8 -94.3 -107 -121 -131 -136 -138 -141
X s  Y 450 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
700 z ► 0 -16.2 -29 -46.9 •64.8 -79.8 -94.7 -110 -118 -126 -131 -136 -137
X = Y 450 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
750 z ► 0 -15.5 -30.3 -45.1 -63.4 -81.7 -94 -106 -115 -124 -129 -131 -132
X = Y 450 425 400 375 350 335 325 275 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 3.7 -12.5 -30.1 -47.2 -63.2 -77.5 -91.8 -102 -111 -117 -124 -125 -128
X * Y 450 425 400 375 350 355 305 275 250 225 200 175 150 125 100 75 50 25 0
850 z ► 0 9.1 -8.95 -26.6 -44.3 -59.2 -74.1 - 8 6 .1 -95.1 -109 -112 -115 -120 -121
X * Y 450 425 400 375 350 325 310 275 250 225 200 175 150 125 100 75 50 25 0
900 z ► 0 12.5 16.3 18.4 -0.82 -18.3 -35.9 -50.5 -65.1 •76.7 -88.4 -96.1 -104 -109 -111 -113
X = Y 450 425 390 375 350 325 310 275 250 225 200 175 150 125 100 75 50 25 0
950 z ► 0 8 . 8 6 19.3 25.1 27.2 5.25 -7.04 -24.5 -41.9 -54.3 -66.7 -78.4 -90.1 -96.1 -102 -106 -106
X = Y 450 410 400 375 350 315 300 275 250 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 5.27 20.5 30.2 37.8 32.9 18 3.2 -11.1 -24.2 -37.1 -55.2 -65.6 -76.1 -84.1 -87.6 -92.4 -93.7
X -  Y 450 425 400 375 350 325 310 275 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 18.1 36.2 40.9 16.7 49.8 30.1 15.1 0.04 -16.5 -30.8 -39 -47.2 -59.9 -72.6 -76.1 -79.5 -83.5
X = Y 450 430 400 375 350 325 310 275 250 225 200 175 150 125 100 75 50 25 0
1100 z ► 0 20.2 40.4 54.7 49.5 63 44.2 31.6 16.5 1.42 -14.2 -27.2 -40.2 -48.4 -56.6 -62.5 -70.6 -70.8
X = Y 445 425 400 375 350 325 305 275 250 225 200 175 150 125 100 75 50 25 0
1150 z ► 0 18 39.2 50.4 63.7 68.3 72.1 56.1 44.3 32.6 18.2 3.86 -14 -24.9 -35.9 -40.7 -45.6 -51.3 -51.9
X = Y 450 425 400 375 350 325 305 275 250 225 200 175 150 125 100 75 50 25 0
1200 z ► 0 20.2 37.1 54.5 76.3 80.2 85.1 74.7 62.1 51.1 39.5 24.4 9.22 -3.37 -12.1 -21.2 -24 -28.8 -29.4
X = Y 445 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1250 z ► 0 19.2 36 56.4 76.8 89.8 97.4 89 80.7 69.9 59 46.2 33.4 20.3 7.16 -0.32 -6.26 -7.76 - 8 . 8 6
X = Y 445 425 400 375 350 325 300 280 250 225 200 175 150 125 100 75 50 25 0
1300 z ► 0 18.8 35 56.5 78 96.4 105 112 102 91.8 81.8 70.3 58.9 47.3 35.7 27.2 18.7 14.8 13.7
X * Y 445 425 400 375 350 325 300 270 250 225 200 175 150 125 100 75 50 25 0
1350 z ► 0 18.1 38.3 54.8 75 95.2 111 123 121 111 102 91.6 81.1 71.9 62.7 55.4 48.1 47.1 45.1
X = Y 450 435 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
1400 z ► 0 25.9 46.2 6 6 . 6 88.4 110 125 140 135 127 120 112 104 95.5 87.3 79.6 77.8 77.7
X = Y 450 420 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1450 z ► 0 18.2 40.2 61.3 78.8 96.4 118 140 154 149 143 138 131 125 120 115 115 113
X = Y 450 415 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1500 z ► 0 14.2 31.2 52.6 69.4 8 6 . 1 104 122 141 155 170 166 162 158 153 149 148 147
X B Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 110 75 50 25 0
1550 z ► 0 20 41.7 57.9 72.2 93.6 113 124 135 150 165 180 182 180 178 175 174
X = Y 450 425 400 385 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1 6 0 0 z ► 0 12.3 34.5 56.6 71.5 8 6 . 3 97.9 109 119 129 142 156 164 170 173 175
X = Y 450 425 400 375 340 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1650 z ► 0 14.3 27.3 42.9 58.5 71.4 84.3 93 102 111 120 129 138 144 146
X * Y 450 425 400 375 350 315 300 275 250 225 200 175 150 125 100 75 50 25 0
1700 z ► 0 10.2 24.4 38.6 48.1 57.7 65.6 73.4 81.9 90.4 96.8 103 106 108
X * Y 450 425 400 375 350 325 280 275 250 225 200 175 150 125 100 75 50 25 0
1750 z ► 0 2.35 14.5 23 31.6 39.9 48.3 55.1 62 65.7 69.4 69.8 71.4
X *  Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1800 z ► 0 4.82 9.63 12.1 14.6 20.9 27.2 30.4 31.9
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1845 z ► 0
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1900 z ►
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_________DATA SHEET FOR SCOUR PROFILE ■ TEST B (72 hrs.)_________
RUN STARTS: 9:37 P.M. JAN'25, 2004, RUN ENDS: 9:37 P.M. JAN'28, 2004
Y
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
X * T 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
50 z ► 0 -12.5 -19.4 -24.3 -25.6
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 135 125 100 75 50 25 0
100 z ► 0 -9.09 -17.9 -27.3 -34.6 -44.7 -44.9
X *  Y 450 425 400 375 350 325 300 275 250 225 200 165 150 125 100 75 50 25 0
150 z ► 0 -12.5 -25.3 -35.1 -45.4 -54.2 -63.8 -65.6
X = Y 450 425 400 375 350 325 300 275 250 225 195 175 150 125 100 75 50 25 0
200 z ► 0 -17.7 -32.4 -41.8 -49.5 -60.4 -72.1 -78.6 -81.3
X * ▼ 450 425 400 375 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
250 z ► 0 -11.2 •24.4 -34.6 -46.6 -58.3 -65.9 -75.8 -86.7 -94.6 -97.5
X = T 450 425 400 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
300 z ► 0 -15 -25 -35.1 -47 -60.4 -68.2 -74.8 -86.1 -95.6 -105 -108
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
350 z ► 0 -15.2 -24.9 -33.1 -43.9 -56.5 -66.1 -74.2 -83.8 -94.4 -104 -110 -113
X * Y 450 425 400 375 350 320 300 275 250 225 200 175 150 125 100 75 50 25 0
400 z ► 0 -12.6 -23.4 -31.6 -41.1 -50.6 -61.6 -72.5 -83.5 -94.8 -104 -111 -115 -120
X = Y 450 425 400 375 335 325 300 275 250 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -10.1 -19.8 -26.7 -40.5 -51.3 -62.1 -70.6 -80.6 -90.8 -99.8 -109 -117 -122 -125
X * T 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
500 z ► 0 -12.4 -22.9 -32.7 -44.5 -58.4 -70.1 -74.9 -85.5 -95.5 -107 -116 -122 -126 -130
X = Y 450 425 400 360 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -10.9 -20.3 -28.7 -38.1 -47.1 -60.3 -71.4 -82.1 -93.7 -102 -112 -120 -125 -130 -135
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -14.4 -19.5 -31.4 -42.2 -51.9 -62.8 -74.2 -86.6 -95.4 -105 -115 -122 -126 -131 -136
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
650 z ► 0 -18.8 -24.9 -34.1 -46.2 -54.6 -64.6 -78.3 -87.9 -99 -108 -116 -124 -130 -133 -136
X = T 450 425 390 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
700 z ► 0 -16.1 -21.3 -29.8 -38.6 -44.6 -53.4 -63.6 -74.5 -87.2 •98.6 -108 -117 -122 -126 -133 -135
X = Y 450 425 390 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
750 z ► 0 -15.6 -23.3 -31.2 -36.3 -45.3 -51.7 -59.3 -68.7 -82.8 -92.8 -104 -111 -119 -121 -126 -132
X = T 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 -14.7 -20.1 -25 -31.1 -38.9 -47.4 -58.2 -68.6 -80.8 -90.2 -99.4 -107 -115 -119 -124 -127
X * T 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
850 z ► 0 -13.9 -18.3 -23.6 -26.1 -32.4 -40.6 -52.9 -64.4 -77.5 -85.8 -95.1 -102 -110 -113 -120 -120
X = T 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
900 z ► 0 -10.8 -14 -19.8 -20.7 -27.2 -34.6 -45.9 -60 -68.3 •78.9 -88.3 -95.8 -104 -109 -112 -114
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
950 z ► 0 -6.8 -5.05 -1.62 -6.52 -15.4 -24.3 -35.7 -47.6 -59.7 -72.8 -80.3 -87.6 -94.3 •98 -103 -104
X a Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 1.26 1.04 2.36 1.15 3.41 2.65 -7.3 -17.6 -27.2 -40.6 -51.4 -63.7 -71.9 -79.2 -87.1 -91.6 -93.4 -94.1
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 1.13 6.62 6.77 12.4 17.1 18.5 9.27 -4.5 -11.3 -24 -37.6 -47.9 -57.9 -65.2 -70.2 -75.3 -79 -79.8
X = T 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1100 z ► 0 5.76 13.6 20.3 24.9 28.3 30.3 21.2 9.06 -3.16 -13.4 -24.7 -34.6 -46 -53.6 -59.9 -61.7 -65.1 -71.7
X = T 450 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
1150 z ► 0 7.88 25.1 30.4 39.1 45.2 45.3 35.9 24.9 12.7 2.53 -7.16 -15.4 -25.4 -34.1 -40.5 -43.6 -47.6 -49.8
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1200 z ► 0 13.6 30.1 38.1 47.4 54 58.1 50.6 42.3 29.5 19.9 9.91 1.4 -7.61 -15 -23.2 •28.6 -31 -32.2
X *  ▼ 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1250 z ► 0 16.2 36.6 50.7 59 68.7 74.7 68.9 59.7 52.3 40.6 28.8 20.6 13.6 5.94 -0.36 -6.06 -8.75 -11
X =  Y 450 425 400 375 350 325 290 275 250 225 200 175 150 125 100 75 50 25 0
1300 z ► 0 10.4 32.2 52.5 67.7 78.7 87.3 83.1 76.6 67.8 57 48.1 39.7 31.1 23.2 17.7 14.7 10.7 6.05
X = Y 450 425 400 375 350 325 300 280 250 225 200 175 150 125 100 75 50 25 0
1350 z ► 0 7.32 31.5 53.9 73.5 87.8 100 106 98.9 89.2 81.2 72.6 64.9 58.3 51.3 46.5 42.9 40.5 38.8
X * Y 450 425 400 375 350 325 300 265 250 225 200 175 150 125 100 75 50 25 0
1400 z ► 0 7.92 27.4 46.9 68.8 90.2 103 127 115 110 103 92.7 88.1 79.6 73.7 70.2 66.2 62.8 62
X = T 445 425 400 375 350 325 300 275 240 225 200 175 150 125 100 75 50 25 0
1450 z ► 0 6.14 24 40.8 58.7 82.8 103 121 137 135 129 122 116 108 103 97.7 96.2 94.6 94
X =  ▼ 450 430 400 375 350 325 300 275 250 225 210 175 150 125 100 75 50 25 0
1500 z ► 0 16.8 36.3 50.7 70 90.6 109 130 146 149 144 141 134 128 126 122 120 120
X = Y 450 415 400 375 350 325 300 275 250 225 200 175 135 125 100 75 50 25 0
1550 z ► 0 2.15 22.4 38.6 54.9 73.1 92.5 109 125 139 150 165 163 160 159 155 154 154
X = Y 450 425 395 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1600 z ► 0 5.32 23.2 40.6 59.6 72.3 90.6 107 116 127 135 141 150 159 169 174 181
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1650 z ► 0 23.2 39.5 52.3 62.7 74.8 89.3 97.8 106 112 120 127 136 142
X * T 450 425 400 375 350 310 300 275 250 225 200 175 150 125 100 75 50 25 0
1700 z ► 0 6.41 16 31.8 46 56.4 66.9 73.4 82.3 90 96.3 101 108 114
X -  ▼ 450 425 400 375 350 325 300 260 250 225 200 175 150 125 100 75 50 25 0
1750 z ► 0 2.31 14 24.2 35.4 42.6 48.2 55.8 60.2 67.2 69.5 70
X = Y 450 425 400 375 350 325 300 275 250 215 200 175 150 125 100 75 50 25 0
1800 z ► 0 2.11 8.14 16 19.9 26.6 28.6 32.1 34.2 37.4
X = Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1850 z ► 0 1.99 5.2
X a Y 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1870 z ► 0
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__________ DATA SHEET FOR SCOUR PROFILE - TEST C (1  hr.)__________
RUN STARTS: 6:38 P.M. OCr04, 2003, RUN ENDS: 7:38 P.M. QCT'04, 2003
Y
x = ▼ 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
X = T 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
50 z ► 0 -17.3 -27.1 -34.2
X =  ▼ 400 375 350 325 300 275 250 225 200 175 150 125 95 75 50 25 0
100 z ► 0 -18.5 -33.1 -44.7 -46.8
X = T 400 375 350 325 300 275 250 225 200 175 150 115 100 75 50 25 0
150 z ► 0 -18.9 -31.7 -48.3 -59.3 -63
X = T 400 375 350 325 300 275 250 225 200 175 140 125 100 75 50 25 0
200 z ► 0 -15.6 -26.1 -47.9 -64.2 -72.3 -74.1
X = T 400 375 350 325 300 275 250 225 200 160 150 125 100 75 50 25 0
250 z ► 0 -10 -24.9 -45.7 -61.1 -75.3 -82.4 -82.6
X =  ▼ 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
300 z ► 0 -21.6 -36.3 -56.6 -71.7 -83.1 -86.1 -88.1
x= ▼ 400 375 350 325 300 275 250 225 190 175 150 125 100 75 50 25 0
350 z ► 0 -10.5 -28.9 -51.6 -63.2 -81.2 -90.5 -94.6 -96.4
X = ▼ 400 375 350 325 300 275 250 225 200 17f> 150 125 100 75 50 25 0
400 z ► 0 -18 -40.3 -58.5 -73.2 -86.1 -94.1 -99.8 -101
X = ▼ 400 375 350 325 300 275 250 215 200 175 150 125 100 75 50 25 0
450 z ► 0 -10.3 -29.4 -46.2 -62.8 -79.7 -91.5 -99.5 -105 -106
X = ▼ 400 375 350 325 300 275 250 220 200 175 150 125 100 75 50 25 0
500 z ► 0 -14.2 -32.7 -54.4 -67.2 -83.6 -95 -102 -104 -106
X = T 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -18.2 -35 -55.8 -70.7 -85 -97.1 -102 -105 -108
X = T 400 375 350 325 300 275 250 215 200 175 150 125 100 75 50 25 0
600 z ► 0 -14.9 -33.6 -53.2 -69.4 -83.8 -95.4 -102 -104 -105
X = T 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
650 z ► 0 5.3 -9.26 -26.5 -48.5 -66.1 -77.5 -90.3 -97.7 -101 -103
X = ▼ 400 375 350 325 300 270 250 225 200 175 150 125 100 75 50 25 0
700 z ► 0 7.81 12.9 -3.92 -22 -41.6 -55.2 -70.5 -81 -86.2 -94 -94.2
X = ▼ 400 375 350 325 300 275 230 225 200 175 150 125 100 75 50 25 0
750 z ► 0 12.06 22.56 20.05 6.12 -12.8 -28.9 -45.2 -57.9 -71.1 -78.6 -84.3 -86.1
X = T 400 375 350 320 300 275 250 230 200 175 150 125 100 75 50 25 0
800 z ► 0 6.27 17.05 27.64 32.96 5.73 -3.13 -19.2 -34.6 -49.3 -59.8 -69.7 -73.2 -75.2
X = ▼ 400 375 335 325 300 275 235 225 200 175 150 125 100 75 50 25 0
650 z ► 0 5.35 17.16 31.01 48.71 45.05 28.65 13.23 -1.75 -20 -31.9 -42.1 -44.9 -55.3 -59.1
X = ▼ 400 375 345 325 300 275 240 225 200 175 150 125 100 75 50 25 0
900 z ► 0 10.35 23.82 37.95 61.11 53.11 39.06 22.01 9.8 -5.25 -18.4 -31 -37.9 -42.2 -46.3
X = T 400 375 350 325 300 275 240 225 200 175 150 125 100 75 50 25 0
950 z ► 0 11.07 31.8 47.56 73.1 67.81 53.87 43.66 24.47 14.1 0.96 -10.5 -18.1 -23.3 -26.4
X II 400 360 350 325 300 275 240 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 4.15 20.14 36.7 52.1 82.4 78.91 69.81 56.25 43.73 31.96 18.39 5.3 -5.83 -10.9 -11.7
X = T 400 360 350 325 300 275 250 230 200 175 150 125 100 75 50 25 0
1050 z ► 0 3.77 20.55 37.56 57.87 75.72 91.15 81.15 70.1 60.21 50.14 40.43 27.3 19.66 16.17 12
X = T 400 355 350 325 300 275 250 220 200 175 150 125 100 75 50 25 0
1100 z ► 0 1.98 15.37 38.11 57.35 73.72 95.47 90.47 80.81 71.75 62.14 52.51 46.16 37.65 32.13 31.27
X = T 400 375 345 325 300 275 250 225 205 175 150 125 100 75 50 25 0
1150 z ► 0 13.25 29.56 49.27 67.72 85.06 99.33 94.06 87.55 80.91 70.44 66.07 60.5 56.37 56.31
X = T 400 375 330 325 300 275 250 225 185 175 150 125 100 75 50 25 0
1200 z ► 0 3.01 19.86 38.06 57.01 76.35 103.3 100.7 95.63 91.11 84.73 82.03 78.22 73.22 71.83
X = T 400 375 350 305 300 275 250 225 200 175 150 130 100 75 50 25 0
1250 z ► 0 5.16 19.86 38.94 54.81 68.87 81.53 92.53 103.5 98.47 96.91 94.34 92.94 92.73
X = T 400 375 350 325 280 275 250 225 200 175 150 125 90 75 50 25 0
1300 z ► 0 4.1 20.56 36.86 53.36 64.86 73.87 86.03 105.1 102 101.9 101.5 101.4
X = T 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
1350 z ► 0 7.89 21.26 33.59 44.39 56 65.1 71.61 76.21 78.98 79.49
X= ▼ 400 375 350 325 300 275 250 225 190 175 150 125 100 75 50 25 0
1400 z ► 0 7.46 15.87 24.06 32.67 37.67 45.7 48.12 48.64
X = T 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1450 z ► 0 2.06 9.29
X= T 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1470 z ►
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_________ DATA SHEET FOR SCOUR PROFILE ■ TEST C (3 hrs.)_________
RUN STARTS: 8:22 P.M. QCT'02, 2003, RUN ENDS: 11:22 P.M. OCr02, 2003
Y
X = T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 37.5 25 0
0 Z ► 0 -10 -12.5
X = T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 85 75 50 25 0
50 z ► 0 -18.9 -34.6 -44.5 -45
X = T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 115 100 75 50 25 0
100 z ► 0 -16.2 -32.9 -45.1 -57.4 -61.1
X = T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 130 125 100 75 50 25 0
150 z ► 0 -10.4 -27.8 -40.5 -55.5 -68.5 -71.8
X= T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
200 z ► 0 -21.2 -37 -53.2 -66.6 -76.6 -82.2
X = T 500 475 450 425 400 375 350 325 300 275 250 225 200 170 150 125 100 75 50 25 0
250 z ► 0 -13.9 -27.8 -50.3 -62.4 -78.5 -87.7 -92.5
X -  T 500 475 450 425 400 375 350 325 300 275 250 225 185 175 150 125 100 75 50 25 0
300 z ► 0 -5.54 -22.2 -39 -58.6 -73 -89.1 -94.9 -98.5
X = ▼ 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
350 z ► 0 -17.7 -35 -51 -68.4 -83.1 -94.2 -103 -105
X = T 500 475 450 425 400 375 350 325 300 275 250 210 200 175 150 125 100 75 50 25 0
400 z ► 0 -8.87 -24.3 -43.5 -59.8 -77.8 -89.9 -102 -110 -111
X = ▼ 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
450 z ► 0 -17.4 -33.6 -52.3 -70.1 -84.1 -99.1 -107 -113 -116
X = ▼ 500 475 450 425 400 375 350 325 300 275 245 225 200 175 150 125 100 75 50 25 0
500 z ► 0 •11.2 -25 -39.1 -57.3 -75.1 -90.1 -103 -111 -117 -120
X = T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
550 z ► 0 -12.5 -27.8 -42.8 -63.4 -82.6 -96.3 -108 -116 -120 -120
X = T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
600 z ► 0 -12 -26.8 -4> -65,3 -83,4 •95.9 -107 -113 -117 -119
X = T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 45 0
650 z ► 0 -10.8 -25.5 -46.3 -63.8 -82.8 •94.9 -104 -114 -116 -119
X = ▼ 500 475 450 410 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
700 z ► 0 19.7 14.6 12.8 12.7 13.1 15.1 12 6.88 -6.2 -22.6 -41.8 -60 -74.9 -87.9 -95,7 -102 -107 -109
X = T 500 475 450 425 405 375 350 325 300 275 265 225 200 175 150 125 100 75 50 25 0
750 z ► 0 14.8 18 23 28.6 21.4 19.8 20.1 22.2 18.2 22.7 -2.36 -19.2 -37 -50.5 -67.4 -80.7 -91.8 -97.5 -100 -104
X = T 500 475 450 425 405 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
800 z ► 0 8.61 13.8 23.9 33 22.1 22.5 26.7 31.2 34 22 5.45 -13.8 -31.7 -48.6 -57.9 -72.1 -80.2 -89.3 -92.9 •96.2
X= T 500 475 450 425 405 375 350 325 300 285 250 225 200 175 150 125 100 75 50 25 0
850 z ► 0 7.03 13.2 23.7 32.5 25.8 27.7 34.7 39.7 45.1 25.7 8.68 -5.65 -21.8 -38.9 -52.8 -62 -73.9 -79.9 -85.1 -85.2
X = T 500 475 450 425 410 375 350 325 285 275 250 225 200 175 150 125 100 75 50 25 0
900 z ► 0 6.63 12.1 23.6 35.7 28.6 33.9 34.3 49.5 49 31.7 18.3 0.39 -13.1 -29.4 -41.6 -51.3 -61.5 -70.8 -72.8 -74.7
X = T 500 475 450 415 400 375 350 325 300 285 250 225 200 175 150 125 100 75 50 25 0
950 z ► 0 3.73 11.9 31 28.4 32,3 38.8 46.2 53.1 56.5 43.1 28 15.3 2.55 -13.6 -23.6 -38.3 -49.9 -56 -58.4 -58.8
X = T 500 475 450 415 400 375 350 325 300 285 250 225 200 175 150 125 100 75 50 25 0
1000 z ► 0 2.38 9.24 28.8 28.7 35.2 41.6 49.5 58.7 63.6 49.8 34.6 22.3 10.8 -4.92 -17.1 -28.2 -37 -42.9 -47.3 -48.1
X= ▼ 500 475 450 420 405 375 350 325 300 280 250 225 200 175 150 125 100 75 50 25 0
1050 z ► 0 3.65 12.1 30.6 26.6 35.4 44.4 53.8 63.4 73.6 64 51.5 37.3 25.7 15.2 4.34 -7.62 -15.6 -21.9 -27.1 -27.2
X = T 500 475 450 420 400 375 350 325 280 275 250 225 200 175 150 125 100 75 50 25 0
1100 z ► 0 2.77 13.8 32.4 26.2 35 46.9 61.2 79.8 78.4 72.1 62 50.3 392 25.9 16.7 8.65 0.18 -4.48 -7.41 -9.52
X = T 500 475 450 415 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1150 z ► 0 2.23 11.3 32.2 24.7 35.6 50.6 64.3 81.6 90.7 86.6 77.5 65.4 54.5 42.9 30.9 25 19.6 14.6 13.3 11.6
X = T 500 470 450 415 395 375 350 325 300 270 250 225 200 175 150 125 100 75 50 25 0
1200 z ► 0 9.16 29.6 20 31.7 48.5 63 82 100 97.5 91.8 80.9 68.5 60.4 50.5 41.9 38.2 35.1 31 26.5
X = T 500 465 450 425 415 390 350 325 300 275 255 225 200 175 150 125 100 75 50 25 0
1250 z ► 0 9.97 24.7 28.9 17.8 43.2 57.8 80.7 98.9 108 103 94.4 86.1 76.8 68.3 62.9 56.2 52.1 49.4 48.5
X = T 500 460 450 425 410 380 350 325 300 275 235 225 200 175 150 125 100 75 50 25 0
1300 z ► 0 6.64 21.3 30.7 16.6 36.9 54 69.9 90.7 114 112 108 103 94.3 85.7 79 74.3 72 70.8 70.2
X = ▼ 500 460 450 425 400 370 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1350 z ► 0 6.29 19.7 28.1 13.1 23.7 36.3 56.6 79.1 93.3 111 119 115 112 104 99.8 95.5 91.4 91 90.5
X = T 480 475 450 425 395 375 355 325 300 275 250 225 200 175 155 125 100 75 50 25 0
1400 z ► 0 0.9 5.85 13.1 24.4 8.92 6.9 19.9 38.7 57.1 72.8 90.1 102 115 123 119 117 114 109 109 109
X = ▼ 460 475 450 425 400 390 370 320 300 275 250 225 200 175 150 125 100 75 50 25 0
1455 z ► 0 0.86 5.15 10.3 15 15.2 5.36 3.95 17.5 33.7 49.8 62.7 76 86.4 92.3 100 109 116 122 123 127
X= ▼ 480 475 450 425 400 385 360 325 300 285 250 225 200 175 150 125 100 75 50 25 0
1500 z ► 0 0.39 3.26 7.29 12.9 14.2 2.29 1.12 2.51 2.81 27.8 47.2 57.4 66.9 75 81.5 84.1 92.8 99.7 99.8 99.8
X = T 500 475 450 425 400 375 350 325 300 275 250 230 200 175 150 125 100 75 50 26 0
1550 z ► 0 19.2 31.6 39.2 46.4 52.1 55.9 59.2 60.8 60.9
X= ▼ 500 475 450 425 400 375 350 325 300 275 250 22$ 200 160 150 125 100 75 50 25 0
1600 z ► 0 6.92 13.3 17 19.3 23.1 30.2 31.8
X = T 500 475 450 425 400 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0
1640 z ► 0
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DATA FOR VELOCITY PROFILE
T E S -H >
x / b o *  1 .3 TEST 1 x / b 0 =  1 .3 TEST 1A x / b 0 =  1 .3 TEST 2&2A
jCO
Ii TEST 7&7A
t  -  0 .4  hr. VELOCITY t ~  1 2  h rs . VELOCITY t  ~  2 0 .9  h rs . VELOCITY t -  4 8 .3  h rs . VELOCITY
z / b 0 m / s e c z / b 0 m / s e c zJ  b 0 m / s e c z / b 0 m / s e c
0 . 1 0 5 3 1 . 3 5 6 0 0 . 1 0 5 3 1 . 3 6 8 0 0 . 1 0 5 3 1 . 3 4 5 0 4 . 9 7 3 7 - 0 . 0 0 6 0
0 . 2 3 6 8 1 . 3 4 2 0 0 . 2 3 6 8 1 . 3 4 4 0 0 . 2 3 6 8 1 . 3 5 1 0 4 . 4 4 7 4 0 . 0 0 7 0
0 . 3 6 8 4 1 . 3 3 8 0 0 . 3 6 8 4 1 . 3 4 7 0 0 . 3 6 8 4 1 . 3 4 3 0 3 . 9 2 1 1 - 0 . 0 2 3 0
0 . 5 0 0 0 1 . 3 2 9 0 0 . 5 0 0 0 1 . 3 4 6 0 0 . 5 0 0 0 1 . 3 3 9 0 3 . 3 9 4 7 - 0 . 0 1 1 0
0 . 6 3 1 6 1 . 3 3 5 0 0 . 6 3 1 6 1 . 3 4 6 0 0 . 6 3 1 6 1 . 3 4 3 0 2 . 8 6 8 4 - 0 . 0 1 6 0
0 . 7 6 3 2 1 . 3 3 4 0 0 . 7 6 3 2 1 . 3 4 5 0 0 . 7 6 3 2 1 . 3 4 7 0 2 . 3 4 2 1 - 0 . 0 2 7 0
0 . 8 9 4 7 1 . 0 9 5 0 0 . 8 9 4 7 1 . 1 1 9 0 0 . 8 9 4 7 1 . 1 2 2 0 1 . 8 1 5 8 - 0 . 0 0 7 0
1 . 0 2 6 3 0 . 4 5 4 0 1 . 0 2 6 3 0 . 4 9 3 0 1 . 2 8 9 5 - 0 . 0 0 2 0
1 . 1 5 7 9 0 . 1 6 0 0 1 . 1 5 7 9 0 . 1 4 2 0 1 . 1 5 7 9 0 . 2 0 4 0
1 . 2 8 9 5 - 0 . 0 1 7 0 1 . 2 8 9 5 - 0 . 0 1 5 0 1 . 0 2 6 3 0 . 5 2 7 0
1 . 8 1 5 8 0 . 0 1 3 0 0 . 8 9 4 7 1 . 1 2 8 0
2 . 3 4 2 1 - 0 . 0 1 2 0 0 . 7 6 3 2 1 . 3 4 0 0
2 . 8 6 8 4 0 . 0 0 0 0 0 . 6 3 1 6 1 . 3 4 0 0
3 . 3 9 4 7 - 0 . 0 1 7 0 0 . 5 0 0 0 1 . 3 4 0 0
3 . 9 2 1 1 0 . 0 0 1 0 0 . 3 6 8 4 1 . 3 3 9 0
4 . 4 4 7 4 - 0 . 0 0 2 0 0 . 2 3 6 8 1 . 3 4 2 0
4 . 9 7 3 7 0 . 0 0 8 0 0 . 1 0 5 3 1 . 3 3 6 0
T E S T  A  - 3 6  h rs .
x / b 0 =  1 .3 TEST 1 X / b o *  1 - 3 TEST 1&1AA
t ~ 5 . 9  h rs . VELOCITY t -  3 0 .6  h rs . VELOCITY
z / b 0 m / s e c z / b 0 m / s e c
0 . 1 0 5 3 1 . 3 2 7 0 0 . 1 0 5 3 1 . 3 3 0 0
0 . 2 3 6 8 1 . 3 2 7 0 0 . 2 3 6 8 1 . 3 2 0 0
0 . 3 6 8 4 1 . 3 2 0 0 0 . 3 6 8 4 1 . 3 3 0 0
0 . 5 0 0 0 1 . 3 2 3 0 0 . 5 0 0 0 1 . 3 2 6 0
0 . 6 3 1 6 1 . 3 2 0 0 0 . 6 3 1 6 1 . 3 2 2 0
0 . 7 6 3 2 1 . 3 2 3 0 0 . 7 6 3 2 1 . 3 2 1 0
0 . 8 9 4 7 1 . 0 4 5 0 0 . 8 9 4 7 1 . 0 7 7 0
1 . 0 2 6 3 0 . 4 4 2 0 1 . 0 2 6 3 0 . 5 0 3 0
1 . 1 5 7 9 0 . 1 4 6 0 1 . 1 5 7 9 0 . 1 2 8 0
1 . 2 8 9 5 - 0 . 0 0 6 0 1 . 2 8 9 5 - 0 . 0 1 0 0
1 . 8 1 5 8 - 0 . 0 2 0 0
2 . 3 4 2 1 - 0 . 0 1 4 0
2 . 8 6 8 4 - 0 . 0 1 0 0
3 . 3 9 4 7 - 0 . 0 1 0 0
3 . 9 2 1 1 - 0 . 0 1 5 0
4 . 4 4 7 4 - 0 . 0 0 9 0
4 . 9 7 3 7 - 0 . 0 2 6 0




t ~  0 .5  hr. VELOCITY t ~  4 .8  h rs . VELOCITY t ~ 2 0 . 3  h rs . VELOCITY
z / b 0 m / s e c z / b 0 m / s e c z / b 0 m / s e c
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000






T E S T  A - 1 2  h r s .
O
' II w TEST 1
t  ~  0 .5  h r. VELOCITY
z /b o m / s e c
0 . 1 0 5 3 1 . 3 3 1 0
0 . 2 3 6 8 1 . 3 3 4 0
0 . 3 6 8 4 1 . 3 3 0 0
0 . 5 0 0 0 1 . 3 3 6 0
0 . 6 3 1 6 1 . 3 3 2 0
0 . 7 6 3 2 1 . 3 3 1 0
0 . 8 9 4 7 1 . 2 2 4 0
1 . 0 2 6 3 0 . 5 8 7 0
1 . 1 5 7 9 0 . 1 7 6 0
1 . 2 8 9 5 0 . 0 0 9 0
1 .4 2 1 1 - 0 . 0 1 4 0
1 . 5 5 2 6 - 0 . 0 1 9 0
T E S T A 6  h rs .







t ~  0 .3  h r. VELOCITY t  — 3 .1  h r s . VELOCITY
z / b 0 m / s e c z / b 0 m / s e c
0 . 1 0 5 3 1 . 3 4 1 0 0 . 1 0 5 3 1 . 3 4 9 0
0 . 2 3 6 8 1 . 3 4 5 0 0 . 2 3 6 8 1 . 3 3 4 0
0 . 3 6 8 4 1 . 3 4 6 0 0 . 3 6 8 4 1 . 3 3 1 0
0 . 5 0 0 0 1 . 3 4 5 0 0 . 5 0 0 0 1 . 3 2 9 0
0 . 6 3 1 6 1 . 3 4 2 0 0 . 6 3 1 6 1 . 3 2 7 0
0 . 7 6 3 2 1 . 3 4 5 0 0 . 7 6 3 2 1 . 3 3 1 0
0 . 8 9 4 7 1 . 1 4 1 0
1 . 0 2 6 3 0 . 5 3 2 0
1 . 1 5 7 9 0 . 1 6 8 0
1 . 2 8 9 5 0 . 0 0 4 0
1 .4 2 1 1 - 0 . 0 0 1 0
1 . 5 5 2 6 0.0000
T E S T  A  -  3  h r s .
x / b 0 *  1 .3 TEST 1
t ~  0 .5  hr. VELOCITY
z /b o m / s e c
0 . 1 0 5 3 1 . 3 4 2 0
0 . 2 3 6 8 1 . 3 4 0 0
0 . 3 6 8 4 1 . 3 3 9 0
0 . 5 0 0 0 1 . 3 3 2 0
0 . 6 3 1 6 1 . 3 3 2 0
0 . 7 6 3 2 1 . 3 4 0 0
0 . 8 9 4 7 1 . 2 1 2 0
1 . 0 2 6 3 0 . 5 1 9 0
1 , 1 5 7 9 0 . 1 3 8 0
1 . 2 8 9 5 0 , 0 5 1 0
1 .4 2 1 1 - 0 . 0 0 7 0
T E S T  A  - 1  hr.
X / b o *  1 .3 TEST 1
t ~  0 .5  hr. VELOCITY
Z /b n m / s e c
0 . 1 0 5 3 1 . 3 0 6 0
0 . 2 3 6 8 1 . 3 5 2 0
0 . 3 6 8 4 1 . 3 3 8 0
0 . 5 0 0 0 1 . 3 4 4 0
0 . 6 3 1 6 1 . 3 4 0 0
0 . 7 6 3 2 1 . 3 4 2 0
0 . 8 9 4 7 1 . 2 2 6 0
1 . 0 2 6 3 0 . 5 4 5 0
1 . 1 5 7 9 0 . 1 7 9 0
1 . 2 8 9 5 0 . 0 1 3 0
1 .4 2 1 1 - 0 . 0 0 5 0
T E S T  B  - 4 8  h r s .
x /b o  * 1 . 3 TEST 1 x / b f l *  1 . 3 TEST 2 x / b 0 =  1 .3 TEST 3 x /b o  =  1 . 3 TEST 4
t -  1 .8  h rs . VELOCITY t  - 1 2 .2  h rs . VELOCITY t ~  2 3 .4  h rs . VELOCITY t  -  4 6 .9  h rs . VELOCITY
z / b 0 m / s e c Z /b 0 m / s e c z / b 0 m / s e c z / b 0 m / s e c
0 . 1 0 5 3 1 . 3 2 8 0 0 . 1 0 5 3 1 . 3 3 4 0 0 . 1 0 5 3 1 . 3 2 6 0 0 . 1 0 5 3 1 . 3 4 0 0
0 . 2 3 6 8 1 . 3 5 0 0 0 . 2 3 6 8 1 . 3 2 7 0 0 . 2 3 6 8 1 . 3 2 7 0 0 . 2 3 6 8 1 . 3 5 1 0
0 . 3 6 8 4 1 . 3 5 0 0 0 . 3 6 8 4 1 . 3 3 3 0 0 . 3 6 8 4 1 . 3 3 3 0 0 . 3 6 8 4 1 . 3 4 9 0
0 . 5 0 0 0 1 . 3 5 2 0 0 . 5 0 0 0 1 . 3 2 8 0 0 . 5 0 0 0 1 . 3 3 3 0 0 . 5 0 0 0 1 . 3 4 9 0
0 . 6 3 1 6 1 . 3 5 3 0 0 . 6 3 1 6 1 . 3 3 1 0 0 . 6 3 1 6 1 . 3 3 1 0 0 . 6 3 1 6 1 . 3 4 4 0
0 . 7 6 3 2 1 . 3 5 0 0 0 . 7 6 3 2 1 . 3 3 1 0 0 . 7 6 3 2 1 . 3 3 2 0 0 . 7 6 3 2 1 . 3 4 8 0
0 . 8 9 4 7 1 . 1 2 8 0 0 . 8 9 4 7 1 . 2 4 1 0 0 . 8 9 4 7 1 . 2 4 3 0 0 . 8 9 4 7 1 . 2 4 6 0
1 . 0 2 6 3 0 . 6 5 6 0 1 . 0 2 6 3 0 . 6 4 6 0 1 . 0 2 6 3 0 . 6 2 5 0
1 . 1 5 7 9 0 . 2 2 2 0 1 . 1 5 7 9 0 . 2 5 2 0 1 . 1 5 7 9 0 . 1 9 8 0
1 . 2 8 9 5 0 . 0 3 6 0 1 . 2 8 9 5 0 . 0 1 7 0 1 . 2 8 9 5 0 . 0 1 7 0
1 .4 2 1 1 0 . 0 1 0 0 1 .4 2 1 1 0 . 0 0 4 0 1 .4 2 1 1 - 0 . 0 0 3 0
1 . 5 5 2 6 0 . 0 1 0 0 1 . 5 5 2 6 0 . 0 1 8 0 1 . 5 5 2 6 0 . 0 0 3 0
1 . 6 8 4 2 0 . 0 1 7 0 1 . 6 8 4 2 0 . 0 0 6 0 1 . 6 8 4 2 0 . 0 0 3 0
1 . 8 1 5 8 0 . 0 2 2 0 1 . 8 1 5 8 0 . 0 1 2 0 1 . 8 1 5 8 - 0 . 0 0 5 0
1 . 9 4 7 4 0 . 0 2 6 0 1 . 9 4 7 4 0 . 0 1 8 0 1 . 9 4 7 4 0 . 0 1 2 0
2 . 0 7 8 9 0 . 0 2 7 0 2 . 0 7 8 9 0 . 0 2 2 0 2 . 0 7 8 9 0 . 0 1 6 0
T E S T  B  - 2 4  h rs .
x /b o  =  1 . 3 TEST 1 x / b 0 =  1 .3 TEST 2
t ~  2 .7  h r s . VELOCITY t -  1 6 .5  h rs . VELOCITY
z / b 0 m / s e c z / b 0 m / s e c
0 . 1 0 5 3 1 . 3 4 0 0 0 . 1 0 5 3 1 . 3 3 6 0
0 . 2 3 6 8 1 . 3 4 1 0 0 . 2 3 6 8 1 . 3 4 3 0
0 . 3 6 8 4 1 . 3 3 4 0 0 . 3 6 8 4 1 . 3 4 2 0
0 . 5 0 0 0 1 . 3 3 7 0 0 . 5 0 0 0 1 . 3 4 3 0
0 . 6 3 1 6 1 . 3 3 2 0 0 . 6 3 1 6 1 . 3 4 3 0
0 . 7 6 3 2 1 . 3 3 1 0 0 . 7 6 3 2 1 . 3 4 4 0
0 . 8 9 4 7 1 . 2 1 7 0 0 . 8 9 4 7 1 . 2 4 9 0
1 . 0 2 6 3 0 . 6 4 2 0 1 . 0 2 6 3 0 . 6 3 8 0
1 . 1 5 7 9 0 . 2 5 3 0 1 . 1 5 7 9 0 . 2 6 2 0
1 . 2 8 9 5 0 . 0 4 5 0 1 . 2 8 9 5 0 . 0 2 5 0
1 .4 2 1 1 0 . 0 1 8 0 1 . 4 2 1 1 0 . 0 0 3 0
1 . 5 5 2 6 0 . 0 2 9 0 1 . 5 5 2 6 0 . 0 1 4 0
1 . 6 8 4 2 0 . 0 1 9 0 1 . 6 8 4 2 0 . 0 1 3 0
1 . 8 1 5 8 0 . 0 3 1 0 1 . 8 1 5 8 0 . 0 3 3 0
1 . 9 4 7 4 0 . 0 3 6 0 1 . 9 4 7 4 0 . 0 2 4 0
2 . 0 7 8 9 0 . 0 2 9 0 2 . 0 7 8 9 0 . 0 1 9 0
T E S T  B - 12  h rs .
X / b o *  1 .3 TEST 1
t -  0 .9  hr. VELOCITY
z / b 0 m / s e c
0 . 1 0 5 3 1 . 3 4 9 0
0 . 2 3 6 8 1 . 3 3 9 0
0 . 3 6 8 4 1 . 3 3 7 0
0 . 5 0 0 0 1 . 3 3 8 0
0 . 6 3 1 6 1 . 3 3 5 0
0 . 7 6 3 2 1 . 3 3 4 0
0 . 8 9 4 7 1 . 2 3 4 0
1 . 0 2 6 3 0 . 6 5 1 0
1 . 1 5 7 9 0 . 2 2 7 0
1 . 2 8 9 5 0 . 0 7 0 0
T E S T  B - 6  h rs .
X /b o  * 1 . 3 TEST 1
t  ~  0 .5  h r. VELOCITY
z / b Q m / s e c
0 . 1 0 5 3 1 . 3 2 9 0
0 . 2 3 6 8 1 . 3 3 4 0
0 . 3 6 8 4 1 . 3 3 3 0
0 . 5 0 0 0 1 . 3 3 0 0
0 . 6 3 1 6 1 . 3 3 4 0
0 . 7 6 3 2 1 . 3 3 2 0
0 . 8 9 4 7 1 . 2 3 4 0
1 . 0 2 6 3 0 . 5 9 6 0
1 . 1 5 7 9 0 . 1 9 5 0
1 . 2 8 9 5 0 . 0 4 1 0
T E S T  B - 3  h rs .
x / b 0 = 1 . 3 TEST 1
t ~  1 .3  h r s . VELOCITY
z / b 0 m / s e c
0 . 1 0 5 3 1 . 3 0 9 0
0 . 2 3 6 8 1 . 3 3 7 0
0 . 3 6 8 4 1 . 3 3 8 0
0 . 5 0 0 0 1 . 3 3 9 0
0 . 6 3 1 6 1 . 3 3 5 0
0 . 7 6 3 2 1 . 3 4 0 0
0 . 8 9 4 7 1 . 2 3 3 0
1 . 0 2 6 3 0 . 5 9 4 0
1 . 1 5 7 9 0 . 1 8 9 0
1 . 2 8 9 5 0 . 0 4 0 0
T E S T  B  - 1  hr.
toiif TEST 1
t - 0 .5  h r. VELOCITY
z / b n m / s e c
0 . 1 0 5 3 1 . 3 5 4 0
0 . 2 3 6 8 1 . 3 5 9 0
0 . 3 6 8 4 1 . 3 5 0 0
0 . 5 0 0 0 1 . 3 5 4 0
0 . 6 3 1 6 1 . 3 4 5 0
0 . 7 6 3 2 1 . 3 3 9 0
0 . 8 9 4 7 1 . 2 7 2 0
1 . 0 2 6 3 0 . 6 5 6 0
1 . 1 5 7 9 0 . 2 6 4 0
1 . 2 8 9 5 0 . 1 1 1 0
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DATA FOR VELOCITY PROFILE
TEST A - 48 hrs.
x/b0 = 5.3 TEST 3&3A x/b0 = 5.3 TEST 6&6A
t ~ 23.4 hrs. VELOCITY t — 45.1 hrs. VELOCITY
z/b0 m /s e c z/b0 m /s e c
5.5000 -0.0320 0.2368 1.2830
4.9737 -0.0420 0.5000 1.2700
4.4474 -0.0250 0.7632 1.0650
3.9211 -0.0230 1.0263 0.7370
3.3947 -0.0090 1.2895 0.4070
2.8684 -0.0090 1.5526 0.2360
2.3421 -0.0100 1.8158 0.0570
1.8158 0.0480 2.3421 -0.0170
1.5526 0.2090 2.8684 -0.0140
1.2895 0.5090 3.3947 -0.0240
1.0263 0.7770 3.9211 -0.0420
0.7632 1.0570 4.4474 -0.0340
0.5000 1.2440 4.9737 -0.0160
0.2368 1.2910 5.5000 -0.0490
TEST A-36 hrs.
x/b0 = 5.3 TEST1B& 1BA
















TEST A-24 h r s .
x/b0 = 5.3 T E ST 1C & 1C A

















TEST C - 3 hrs.
x/b0 = 1.3 TEST 1

















TEST C -1 hr.
x/b0 = 1.3 TEST 1











TEST B -48 hrs.
x / b 0 = 5.3 T E ST  2A x / b 0 = 5.3 T E ST  3A x / b 0 = 5.3 TEST 4A
t ~ 13 hrs. VELOCITY t -  24.1 hrs. VELOCITY t -  46.2 hrs. VELOCITY
z/b0 m/sec z/b0 m/sec z/b0 m/sec
0.2368 1.1540 0.2368 1.2160 0.2368 1.1600
0.5000 1.2630 0.5000 1.2470 0.5000 1.1680
0.7632 1.1540 0.7632 1.1340 0.7632 1.0980
1.0263 0.8720 1.0263 0.8850 1.0263 0.8570
1.2895 0.5890 1.2895 0.5490 1.2895 0.5700
1.5526 0.3270 1.5526 0.3200 1.5526 0.3460
1.8158 0.1810 1.8158 0.1330 1.8158 0.1620
2.0789 0.0460 2.0789 0.0600 2.0789 0.0640
2.3421 0.0400 2.3421 0.0510 2.3421 0.0700
2.6053 0.0490 2.6053 0.0480 2.6053 0.0530
2.8684 0.0300 2.8684 0.0500 2.8684 0.0540
3.1316 0.0480 3.1316 0.0510 3.1316 0.0630
3.3947 0.0350 3.3947 0.0570 3.3947 0.0590
3.6579 0.0410 3.6579 0.0510 3.6579 0.0620
3.9211 0.0390 3.9211 0.0520 3.9211 0.0630
T E S T  B  - 2 4  h r s .
x / b 0 = 5.3 T E ST  1A x/b0 = 5.3 T E ST  2A
t -  3.6 h r s . VELOCITY t -  21.4 h r s . VELOCITY
z/b0 m/sec z/b0 m/sec
0.2368 1.1360 0.2368 1.2690
0.5000 1.1490 0.5000 1.2530
0.7632 1.0990 0.7632 1.1480
1.0263 0.9110 1.0263 0.8560
1.2895 0.6830 1.2895 0.5550
1.5526 0.4190 1.5526 0.3030
1.8158 0.2300 1.8158 0.1340
2.0789 0.0850 2.0789 0.0600
2.3421 0.0490 2.3421 0.0590
2.6053 0.0350 2.6053 0.0500
2.8684 0.0410 2.8684 0.0570
3.1316 0.0270 3.1316 0.0550
3.3947 0.0420 3.3947 0.0530
3.6579 0.0380 3.6579 0.0490
3.9211 0.0160 3.9211 0.0480
TEST A-24 h r s .
x / b o  =13 TEST1D & 1D A
t  -  22.3 h r s . VELOCITY
















x / b 0 = 13 T E ST 1C & 1C A
t ~ 32.6 hrs. VELOCITY
















TESTA- 48 h r s .
x/b0 = 13 T E ST  4&4A x/bo = 13 TEST 5&SA
t -  22.6 h r s . VELOCITY 44.2 h r s . VELOCITY
z/b0 m /s e c z/b0 m /s e c
0.2368 0.6730 5.5000 -0.0970
0.5000 0.6830 4.9737 -0.0790
0.7632 0.6460 4.4474 -0.0790
1.0263 0.5580 3.9211 -0.0770
1.2895 0.4850 3.3947 -0.0560
1.5526 0.3960 2.8684 -0.0140
1.8158 0.2560 2.3421 0.1670
2.0789 0.1640 2.0789 0.2780
2.3421 0.0770 1.8158 0.3430
2.8684 -0.0680 1.5526 0.4080
3.3947 -0.0740 1.2895 0.4690
3.9211 -0.0690 1.0263 0.5630
4.4474 -0.0880 0.7632 0.6250
4.9737 -0.1010 0.5000 0.6430
5.5000 -0.1030 0.2368 0.6600
TEST B -48 hrs.
x/b0 = 13 T E ST  2B x/b0 = 13 T E ST  3B x/b0 = 13 T E ST  4B
t -13.7 hrs. VELOCITY t~ 24.8 hrs. VELOCITY t ~ 45.5 hrs. VELOCITY
z/b0 m/sec z/b0 m/sec z/b0 m/sec
0.5000 0.6500 0.5000 0.6710 0.2368 0.6550
0.7632 0.6420 0.7632 0.6460 0.5000 0.7050
1.0263 0.5760 1.0263 0.6010 0.7632 0.6650
1.2895 0.5100 1.2895 0.5250 1.0263 0.6280
1.5526 0.4300 1.5526 0.4430 1.2895 0.5520
1.8158 0.3390 1.8158 0.3430 1.5526 0.4640
2.0789 0.2530 2.0789 0.2240 1.8158 0.4020
2.3421 0.1360 2.3421 0.1490 2.0789 0.2860
2.6053 0.0920 2.6053 0.0430 2.3421 0.2150
2.8664 -0,0150 2.8684 0.0100 2.6053 0.1120
3.1316 -0.0650 3.1316 -0.0530 2.8684 0.0930
3.3947 -0.0480 3.3947 -0.0630 3.1316 -0.0040
3.6579 -0.0780 3.6579 -0.0800 3.3947 0.0400
3.9211 -0.0780 3.9211 -0.0670 3.6579 -0.0440
3.9211 0.0440
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TEST B - 24 h r s .
x/b0 = 13 T E ST  1B x/b0 = 13 T E ST  2B
t ~ 4.3 h r s . VELOCITY t -  22.1 h r s . VELOCITY
z/b0 m /s e c z/b0 m /s e c
0.7632 0.5690 0.5000 0.6860
1.0263 0.5190 0.7632 0.6620
1.2895 0.4430 1.0263 0.6260
1.5526 0.3610 1.2895 0.5500
1.8158 0.2720 1.5526 0.4370
2.0789 0.1800 1.8158 0.3380
2.3421 0.1270 2.0789 0.2430
2.6053 0.0080 2.3421 0.1160
2.8684 -0.0560 2.6053 0.0290
3.1316 -0.0790 2.8684 -0.0260
3.3947 -0.1010 3.1316 -0.0420
3.6579 -0.1150 3.3947 -0.0750
3.9211 -0.1230 3.6579 -0.0510
3.9211 -0.0670
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